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" only if travelers will not be visiting such areas. (CDC, Health Information for

Intemational Travel, 1995). Studies #115-135 and #115-136, conducted in the Philippines
mp ively, provided an opportunity to prospectively compare the efficacy of.
mpared with that of chloroquine. Both of these studies’ protocols

reqmred amendmem because patients treated with chloroquine had unacceptably high
failure rates. Inspection of Table 1 shows that in Palawan, an island in the southwest of
the Philippine archipelago, cure rates for chloroquine were 30%, and that in northern
Peru, cure rates achieved with chloroquine were 8%. In both of these studies, cure rates
achieved with atovaquone/proguanil were 100%. Atovaquone/proguanil is an effective
antlmalanal for treatment of falc:parum infection in areas where chloroqmne failure rates

—are unacceptably high, presumably due t6 rmstance

A similar comparison may be made with amodiaquine efficacy rates in Gabon. :
Amodiaquine is a congener of chloroquine, believed to offer some efficacy advantage in
areas of high chloroquine resistance. Because of liver and bone marrow toxicities and
only a limited advantage over chloroquine, this drug has fallen out of use. The NDA for
this drug (Camaquin, NDA 6441) was withdrawn in 1994 because the drug had ceased to
be marketed in the US. Table 1 also demonstrates the efficacy of atovaquone/proguaml in
an area where amodiaquine efficacy is curtailed.

The eastern and western borders of Thailand are rcgions characterized by some of the
most acute problems in malaria resistance-in the world. Figure 1, first presented in the
MO review of study #115-122 and reproduced here, depicts the diminishing efficacy
rates of a number of antimalarials that were previously useful agents in the treatment of
P. faiciparum infection in Thailand. What is particularly striking in this figure is the
rapidity with which resistance to some agents developed. Mefloquine, introduced into
clinical use in Thailand in the 1980s, wasan excellent blood schizonticide and remains
one in areas of the world where malaria parasites are susceptible to this drug. Recent
observations suggested that mefloquine used alone cures only about 90% of falciparum
malaria patients treated in Thailand. The present treatment of choice for falciparum
malaria in Thailand is an artemisinin derivative (usually artesunate) plus mefloquine. In
the US mefloquine (Lariam, NDA 19-591, approved 1989) rapidly replaced chloroquine
as the antimalarial prophylactic of choice for US travelers. There are no artemisinin
derivatives approved for use in the US. The slopes of the curves depicted in Figure 1
suggest that psesently avaxlable antimalarials may not enjoy as long a lifespan as did
cl'doroqume -
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Figure 1. Antimalarial efficacy in Thailand 1970s-1990s -
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Study #115-122 afforded an opportunity to compare the efficacy of atovaquone/proguanil
to that of mefloquine in an area where this drug’s efficacy has been observed to decrease =¥ =
sharply over the last decade. The clinical cure rate observed for mefloquine in this study )
(86%) approximated what has been observed previously in this region.

Atovaquone/proguanil demonstrated a high and reproducible 28-day cure rate in this

study as well. :

A comparison of the efficacy rates for halofantrine in studies #115-130 and #115-131 ~
may also reflect the different environments in which patients were followed. Patients in

#130 resided in France and were not exposed to malaria after discharge. from the hospital.

The Kenyan children studied in # 131 were discharged to an area where there was some
background malaria transmission. Reinfections may not account for all of the recurrent.
parasitemias noted in these patients; it is possible that there is some degree of

halofantrine resistance among P. falciparum isolates in Kenya. One may speculate that

the difference in halofantrine efficacy rates seen in these two studies may be due in part - -

to the diffgrem’;_lgctween no malaria transmission and some malaria transmission in the -
patient’s usual environment. There also may be a diminished susceptibility to -
halofantrine anming the Kenyan isolates of P. falciparum that caused the infections seen

in this study. There were no in vitro data submitted to support such a conclusion.

The controlled clinical trials demonstrated the efficacy of atovaquone/proguanil in a wide
range of geographic areas. Efficacy was high and comparable to four approved
comparators, pyrimethamine/sulfadoxine, mefloquine, halofantrine, and quinine. Efficacy
of atovaquone/proguanil was also demonstrated in areas where there were unacceptable
failure rates with chloroquine, amodiaquine, and mefloquine. Efficacy of
atovaquone/proguanil was also demonstrated in an area where there was a 10% failure
rate for halofantrine. This may have been due in part to remfecuon or parasite resistance.
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Efficacy as expressed by parasite clearance time -
& .

In each of the eight controlled clinical trials, the length of time required to clear the
peripheral blood of parasites was measured in hours from the time immediately prior to
treatment to the time of the first of two or three negative peripheral smears. Table 2
presents parasite clearance time (PCT) for patients treated with atovaquone/proguanil or

comparator in each of these trials. Initial parasite counts were comparablé across studies. _
-Inclusion criteria for each of these studies required that patients have no more than

100,000 67200,000 parasites/ul of blood'(in patients with a normal hematocrit, this is
equivalent to ~2% or 4% parasitemia). In patients who do not manifest clinical findings
of severe or complicated malaria, these parasite counts are consistent with mild to
moderate falciparum malaria that is amenable to treatment with an oral agent.

M
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Table 27 Parasite Clearance Times for Patients Treated with Atovaquone and Proguanil
, Hydrochloride or 2 Comparator Antimalarial Drug

2 ATQ/PGN = atovaquone and proguanil hydrochloride

Inspection of Table 2 shows that thére was a range of values for PCT for

Study - % Comparator- Parasite Clearance Time (h)
Number (mean % sd)
ATQ/PGNA Comparator
115-120 |Pyrimethamine/sulfadoxine | 64.0+21.9 514211
115-122 | Mefloquine ) 7] 65.2+177 | 73.8+29.1°
115-127 _ | Quinine/ tetracycline 55.3+15.3 646225 |
115-130" | Halofantrine | 633222 [ 485+ 147
115-131 |Halofantrine 6491174 50.2£13.0
115-134 | Amodiaquine 7211227 66.7 £+ 16.1
115-135 |Chloroquine 46.7 £17.5 60.0 £ 329
Chloroquine plus 428 +17.1
pyrimethamine/sulfadoxine
115-136 |Chloroquine — 55.7 £+10.7 58.7+25.8
-Pyrimethamine/sulfadoxine | 44.4+ 6.8 3361126 | _ .
Mean |All 59.1 55.0 -
(Range) (46.7-72.1) (33.6-73.8)

both

atovaquone/proguanil and the comparator agents, and comparison of the mean values for _

these two groups demonstrates comparable PCTs. It should be noted that even agents that
did not achieve acceptable 28-day cure rates, such as chloroquine, demonstrated efficacy
in clearing the peripheral blood of schizonts in a period of time comparable to that of
drugs that did achieve acceptable cure rates such as quinine and tetracycline. Two
conclusions may be drawn from such an observation. The first is that PCT can only
convey one aspect of drug efficacy, the rapidity with which parasites are cleared from the
peripheral blood. Since it has been well established that the peripheral vasculature is only

* one of several tissue compartments that malaria parasites infect, it is understandable that

this marker of drug efficacy is only able to provide information on one aspect of drug
efficacy. Nonefheless, one may view all of the agents listed in Table 2 as excellent blood
schizonticides; standard WHO criteria define clinical success of an antimalarial (S
response) as parasite clearance within 7 days or 168 hours without recurrence during the
subsequent 21 days. Even the highest PCT measured for atovaquone/proguanil (72.1 +
22.7 hours) is well within this limit.

Parasite clearance time is only one of several analyses that can provide information about
the rapidity of action of a blood schizonticide. Other parameters that are traditionally

useful include time to clear 50% of parasites from the peripheral blood (PCso) and time to
clear 90% of parasites (PCsq). When considering such measurements, it is important to be

i
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aware of the events of the parasite life cycle during the early stages of human infection.
As tissue (pre-erythrocytic) schizonts develop in the hepatocytes, merozoites are released
that then invadered blood cells in the peripheral circulation. It is this parasitization of red
~ blood céllsand®ubsequent release of more merozoites that go on to parasitize more red
blood cells that is associated with the clinical manifestations of malaria. The
administration of a blood schizonticide should interrupt this cyclic parasitization of red
blood cells and drug efficacy is manifest by smaller and smaller numbers of parasitized
red blood cells over time. However, the erythrocytic life cycle (which is about 48 hours -
for P. falciparum) is not synchronized for all individual parasites; they are emerging from

the heg::ro;ytes to invade red blood cells and subsequently multiplying to invade more

red blood cells at different times. Because of this dissynchrony peripheral blood parasite

counts do not necessarily reflect drug activity in the first 24-48 hours of treatment.

Indeed, parasite ‘bursts,’ acute increases in peripheral parasite count shortly after the

initiation of therapy, are commonly observed in the course of treatment of falciparum -
malaria patients who remain clinically stable and go on to achieve satisfactory parasite
clearance and 28-day cures. Quantification of the magnitude or duration of such bursts is
not readily found in the medical literature, and could conceivably vary with drug. In one
small published series of falciparum patients treated with quinine, increases in peripheral
parasite counts as high as 2.5 times the initial value were observed in the first 24 hours of-
-therapy of patients who ultimately cleared parasites within 36 hours (Watt, et al JID

1991; 164:602-4). In the course of the MO review of study # 115-131, which was
conducted in Kenyan children, some extraordinary parasite bursts were noted. An
example is one patient who was enrolled with a parasite count of 43,000/ul which
increased to 380,000 at 12 hours, 800,000 at 24 hours, and 200,000 at 36 hours. The
patient was afebrile by 55 hours and cleared his peripheral parasitemia at 60

hours. There were no parasites seen in his peripheral blood for the 28-day period of -
observation, thus this patient who.manifested a peripheral parasitemia at 24 hours that .
was almost 20x his initial parasite count was cured by standard WHO criteria. This -
patient was treated with atovaquone/proguanil. Because a number of patients with

extraordinary bursts were noted in this treatment arm in study #115-131, the MO

undertook an additional analysis of this pediatric study, the study of nonimmune

European adults (F115-130), the study of largely nonimmune Thai adults (#115-122), and

the study in which atovaquone/proguanil was compared to quinine and tetracycline

(#115-127). For each of these studies, serial parasite counts of all evaluable patients were i
reviewed.-Thesaumber of patients in each treatment group who manifested a parasite
burst that was greater than 3x the initial value within the first 36 hours of treatment was
recorded. These were then compared across treatment groups to see if there were any
signal suggesting a less robust or slower manifestation of blood schizonticidal activity
among patients treated with atovaquone/proguanil. It should be noted that all but two of
these patients-who demonstrated these extraordinary bursts were cured at 28 days; the
two who were not cured had a RI response. Their parasitemia recurred during the 21 days
following treatment; they did not fail therapy acutely. These two patients were also
followed as out-patients, and thus the possibility of reinfection must also be considered as
an explanation for the recurrence of parasitemia. Table 3 demonstrates that no treatment-
associated trend was identified. ' '

iV
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Table 3. Patients with extraordinary * parasite bursts by treatment group

Study no. .ng_npar_ator
115-131

Proportion of evaluable patients with extraordinary bursts (%)

- Atovaquorme/proguanil Comparator -
Halofantrine | 7/76 (9.2) 0/75 (0)
115-130 | Halofantrine | 2/21 (9.5) 2/1811.1)
115-122 Mefloquine | 4/79 (5.1) 6/68 (8.8)
115-127 | Quinineand | 1/73(1.4) . 8/76 (10.5)
Tetracycline . )
TOTAL _] ALL 14/249 (5.6) 16/237 (6.8)

*Extraordinary bursts were defined as parasite counts >3x initial parasite count within

first 36 hours of treatment

Efficacy by patient weight in aduit and pediatric populations

The dose of atovaquone/proguanil that was tested in the phase III triais and is the dose
recommended in the label was established in the pirase II trial undertaken in Thailand,
study #115-005. The treatment regimen that was chosen for further study was atovaquone:
1000 mg/ proguanil 400 mg daily for three days. It was selected because it was the
shortest regimen that achieved the highest efficacy rate (100%). It should be noted that

the efficacy of this regimen was established in a group of adults whose mean weight was

approximately 50 kg, and that the doses administered were atovaquone 20 mg/kg and
proguanil 8 mg/kg. The mean weight of the atovaquone/proguanil treatment group across
all phase III studies was 56.9 kg. As a group, these patients received a daily dose of
atovaquone 17.6 mg/kg and proguanil 7.0 mg/kg. The efficacy rate observed for this

group as a whole was 98.5%. The average adult male in the US is reputed to weigh 70 kg. _.

The possibility exists that patients in this country requiring antimalarial therapy with
MALARONE could weigh >70 kg. On a mg/kg basis, such patients would receive less
than the recommended doses of atovaquone and proguanil. The MO reviewed the phase
I1I adult study population for patients who weighed >60 kg and patients who weighed
>70 kg. Efficacy was assessed for each of these groups. The efficacy rates, expressed as
% of evaluable patients with a S response at 28 days, and dosing are presented below.

Table 4. E-fﬁc@rates by patient weight and mg/kg dose of atovaquone/proguanil

- Patients >60 kg Patients >70 kg
Daily dose of dtq/prg <16.6 atq / <6.6 prg <14.2 atq/ <5.7 prg
Efficacy rate 125/128 (97.7%) 34/34 (100%)

Table 4 demonstrates that the high efficacy rates observed for Malarone for the treatment
of falciparum malaria in the study population as a whole were also seen in the
subpopulations who weighed more than 60 kg and therefore received less than
atovaquone 20 mg/proguanil 8 g daily for three days. The efficacy of Malarone in the

" treatment of pediatric malaria was also observed to be consistent across a wide range of
daily mg/kg dose. For a full discussion of this subject, the readez is referred to the MO

M
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review of study #115-123. A summary of those results is reproduced here as Table 5. All
children represented in this study population (100%) were cured at 28 days.

Table 5: ‘Study**15-123: Mean doses of atovaguone/proguanil administered by pediatric'

weight class : _
Weight class | No of Range of Mean weight | Mean dose | Mean dose )
evaluable pts | weights . | (kg) ATQ PRG
- — 1 (kg) administered | administered
11-20 kg ‘15 15-20 17.9 13.9 mg/kg | 5.6 mg/kg
21-30kg __ |8 2130 [252 198 mg/kg | 7.9 mg/kg i
131-40 kg 3 31-.35 33.0 . 122.7mg/kg | 9.0 mg/kg -

Efficacy by immune status of the itudy population A .

In study #115-136, observations of the high proportion of supposedly malaria-
~experienced adult patients in Peru who were febrile at presentation prompted speculation
regarding different degrees of ‘semi-immunity’ that may be observed in adult and
——  pediatric patients who reside in malarious areas. That discussion is reproduced below: T

This study population, though small, presents an interesting issue regarding the immune

status of the patients studied. Those enrolled in the study were described as life-long

residents of the malaria-endemic region in which the study was conducted, and some
_degree of malaria immunity was assumed for this population. Adults who fit such a

description are generally referred to as ‘semi-immune.’ While they can become ill from

Plasmodium infection, the course of the illness is not as severe as it can be in those

individuals with no prior exposure to malaria, the non-immunes. However, the mean

IPCs were quite low, and the proportion of patients presenting with fever was quite high. _. _

In his discussion of ‘pyrogenic density’ in malaria, White (in Manson, 20" ed. P. 1108) —

notes that the parasitemia at which fever occurs can vary widely, and can be regarded as a

marker of immunity. Some non-immunes can become febrile before parasites are visible

on the peripheral smear, while some (partially) immune adults can be afebrile with )

periphéral blood parasite counts of up to 100,000 parasites/pl. Thus one might conclude -

that a population with a low mean IPC and a high rate of fever at presentation does not

have ‘as much’ immunity as a population with either a high mean IPC and high rate of

fever at presemtation or a high mean IPC and a low rate of fever at presentation. The ‘ ~

population of adults in northern Peru enrolied in the present study can be compared other

study poputations in NDA 21-078. The patients studied in #115-127 were gold miners in

Brazilian Amazonia, a region with one of the highest malaria transmission rates in the

country. The Brazilian patients presented with comparable mean IPC values (~6000/pl)

but only ~60% of patients were febrile at presentation. The Thai aduits in study #115-122

presented with mean IPCs of ~18,000/ul and the proportion febrile at presentation was

85-90%, comparable to the patients in the present study in Peru. Many of these patients

had received antimalarials prior to enroliment. The Kenyan children enrolled in study

#115-131, a population generally considéred ‘less immune’ than adults in malaria-

endemic regions, presented with mean [PCs ~30,000/ul; the proportion who were febrile

was ~75%. The European adults in study #115-130 presented with a mean [PC ~20,000
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and ~90% were febrile. It should be noted that all of the IPC values under discussion here
are relatively low; 25,000/ul is approximately a 0.5% parasitemia in patients with a
normal hematogrit, and that peripheral parasite count. ¢o not reflect the total body
parasite massfuch of which can be sequestered ifi the microvasculature of various
organ systems. Perhaps distinctions between [PCs <1% are not clinically meaningful. It is
also noteworthy that the intensity of malaria transmissien can vary widely in a number of
areas in which the disease is ‘endemic,’ and there is little information in these studies
regarding the use of antipyretics prior to presentation. However, the divergent rates of
fever at presentation for a given value of IPC observed in these study populations does
suggest different host responses among a group generally regarded as ‘semi-immune.’ A
comparisait of the highly diverse study populations in this NDA suggests a ‘spectrum of
immunity’ to malaria, even among those individuals who are life-long residents of an
endemic region. -

If one were to order the study populations presented in this NDA simply based on initial
parasite counts and rates of fever at presentation, it might be possible to establish such a
spectrum with the truly non-immune patients at one end and those with the most
immunologic experience of malaria at theother end. ~

European adults < Peruvian adults<Thai adults <Kehyan children ~Filipino adults~
Gabonese adults ~ Zambian adults.

It should be recognized that initial parasite counts and rates of fever at presentation are
rough tools for assessing a study population for immunologic experience of malaria. The
spectrum above is presented simply to develop the concept that the patients studied in the
phase III trials of Malarone are a diverse group immunologically and represent the wide
range of patients who can require treatment for acute falciparum malaria. That efficacy
rates for atovaquone/proguanil were high and comparable across these studies(see Table
1) suggests that this combination antimalarial can be used in the treatment of both
malaria-naive and malaria-experienced patients.

——

Efficacy in the treatment of non-falciparum malaria
The studies conducted in Gabon and in Thailand provided a limited opportunity to-assess
the efficacy of atovaquone/proguanil in the treatment of non-falciparum malaria. A

summary of these findings is presented in Table 6. 3

-

Table 6. Parasﬁblégical Response in Patients with Non-falciparum Malaria Treated with
Atovaquone and Proguanil Hydrochloride

Y

Study ‘Species Total Number blood film negative/ Number evaluabie
- enrolled
Day 7 Day 14 Day 21 Day 28
115-005 P. vivax 25 21/23 19 /19 15 /18 6 /19
115134 P. ovale 4 4/ 4 2/ 2 3/3 3/3
P. malariae 3 3/3 3/3 3/ 3 3/3
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The efficacy of MALARONE in the treatment of the erythrocytic phase of non-
falciparum malaria was assessed in a small number of patients. Of 23 patients imTHailand
infected with P vivax and treated with atovaquone/proguanil 1000 mg /400 :..3 daily for
three days; pariitemia cleared in 21(91:3%) at 7 days. Parasite relapse occurred

_ commonly when P. vivax-malaria was treated with MALARONE alone. Seven patients in
Gabon with malaria due to P. ovale or P. malariae were treated with-
atovaquone/proguanil 1000 mg /400 mg daily for three days. All six evaluable patients (3
with P. malariae, 2 with P. ovale, one with mixed P. falciparum and P. ovale) were cured
at 28 days. P. vivax and P. ovale infections are both characterized by hypnozoite stages _

- against which MALARONE has no demonstrated activity.

- -, —_—

These data are preliminary and do not support a change in the INDICATIONS proposed
by the applicant in the draft label. However, they do provide information regarding drug
activity against less common species that cause human malaria. Such information can be

~ reassuring to the physician managing the newly presented malaria patient. Accurate
speciation of malaria parasites by microscopy is a rare skill that is only maintained with
constant practice. Very few clinical laboratories in the US are staffed with individuals
who possess such skills. The first question to be addressed in the newly diagnosed
malaria patient is whether or not P. falciparum, the species most likely to result in death -
of the patient, is présent. If one can be certain that one is not treating falciparum malaria,
the question still remains whether or not@given agent is active against the acute stage of _J
the non-falciparum species. Some approved antimalarials such as mefloquine (Lariam,
NDA 19-591) are specifically labeled to state that there are insufficient data to support
activity against P. ovale and P. malariae. Others such as pyrimethamine-sulfadoxine
(Fansidar, NDA 18-557) make no mention of non-falciparum species. Information such
as that provided in Table 6, though limited, and requiring caveats regarding the need for
prophylaxis against relapse, can be useful to the clinician.

Future development of Malarone

The applicant submitted the following list of planned studies of treatment with Malarone.
. These include:

A description of these studies is presented in Table 7.
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SAFETY REVIEW T _

INTEGRATED SUMMARY OF SAFETY

INTRODUCTION

S

Safety data for this NDA were presented in two separate parts. The first part of the

Integrated Summary of Safety (ISS) included data from pharmacokinetic, bioequivalence,
-treatment, and challenge studies, the second included data from prophylaxis studies. This

review is limited to the data from the pharmacokinetic, bioequivalence, treatment, and —

challenge studies. The reader is referred to the MO review of DrLéonard Sacks for a

discussion of the safety data from the prophylaxis studies.

~—=e -.

—

A

There were 17 completed pharmacokinetic, bioequivalence, treatment, and challenge
studies in the ISS, and these studies enrolled a total of 1577 subjects or patients. In this .
population, there were 148 healthy volunteers and 1429 malaria patients. A total of 841 -
“healthy volunteers and malaria patients received oral atovaquone and proguanil in single

or multiple daily dosing regimens ranging from one to seven days of exposure. Among

the healthy volunteers, 126 received atovaquone and proguanil in combination. Among

the malaria patients, 602 received the recommended daily treatment dose of 1000 mg

atovaquone and 400 mg proguanil or an equivalent dose adjusted by body weight in .
_children. Of the 602 patients treated with atovaquone and proguaml there were 486 ' -
‘adults and 116 children. Table 1 presents- the numbers of patients in the various study |
populations. -
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Table 1. Sub]ects in MALARONE Pharmacokinetic, Bloequwalencc Treatment and Challenge

Trials
. _;_,T_itudy Population - Treatment Number of
Subjects
L __ Completed
- Studies
Healthy Volunteers ATQ alone 328
n=148 i
PRG alone - 712
T Placebo 5
ATQ + PRG 126
Adults with Malaria ATQ alone 9
, n=1229
PRG alone — 18
ATQ + PRG - recommended dose? 486
ATQ + PRG - other doses 113
ATQ + Other Drugs 86
- Comparator 432 -
Children with Malaria ATQ + PRG - recommended doseP 116
n=200 :
Comparator 84
Total for ATQ + PRG - All doses 841
Total Subjects 1577¢

ATQ = atovaquone, PRG = proguanil hydrochloride

236 of these 53 subjects also received ATQ + PRG and are counted in that treatment total.

b Recommended treatment dose in adults is 1000 mg atovaquone and 400 mg proguanil
hydrochloride once daily for 3 days. In children, this dose is adjusted for body weight.

€ Excludes 36 healthy volunteers who also received ATQ or PRG alone in the crossover study.
Includes 3 patients with malaria who were retreated with the same treatment and assigned

new patient numbers.

The apphcant reported that safety data collected in the clinical studies that comprise this

" NDA inciuded evaluations of physical examinations, vital signs, adverse experiences, .

hematology and clinical chemistry parameters, and urinalyses. No changes in physical
exam findings, vital signs, or urinalyses were noted in the clinical studies that were
believed to be attributed atovaquone/proguam] Data from physical exams, vital signs,
and urinalyses were not summarized in the ISS, but were prmnted in the individual
study reports. The focus of the ISS was data on adverse expenences and clinical

Iaboratory parameters.

MO COMMENT: Physical exam findings, including vital signs, and urinalysis
data were reviewed by the MO as part of the safety reviews for each study report.
The MO agreed that there were no changes in physical exam or urinalysis data
that were suggestive of an adverse effect due io atovaquone/proguanil. For

N
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-additional comment on urinalysis results from individual studies, the reader is
referred below to the discussion of G6PD deficient patients in the section entitled
LABORATORY STUDIES.

ADVERSE EVENTS B
Adverse event reporting in adults/adolescents and in pediatric pauents will be discussed
separately below

Adult and adolescent AEs
__The applicnt summarized all adverse experiences reported by more thaa 10% of adults
and adolescents in the seven controlled phase III studies. Because many of these signs
and symptoms can be part of the clinical presentation of acute malaria, these results are
presented in Table 2 and compared with the rates of the same AEs considered attributable
to study drugs by investigators.
MO COMMENT: For the purposes of safety reporting, the applicant grouped
adults and adolescents (individuals aged 12-16 years) together. Some of the phase
III treatment trials of malaria in adults included patients as young as 12 years.
Studies #115-120, 115-122, 115-130, 134,135, and 136 included patients aged
12-16 years.

" -

i
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Table 2. Common adverse experiences reported by >10% of adult and adolescent patients
treated with 1000 mg-atovaquone and 400 mg proguanil in controlled clinical treatment

trials

Adverse Percentage of Patients with Common Adverse Experiences B
Experience (Percentage of patients in whom Aiiwu considered attributable to study drug by
v tor)
Study Study Study Study
115-120 115-122 115-134 . 1154135
A+P2 | PYR+sP | - A+P b A+P b A+P +sb
. | n=82 | n=81 | =91 lﬁ% n=76 ﬁ% =55 Ciiﬁs ° N
Ab.dominal 35(28) 42 (21) 2000 { 10 29 (21) 18(8) 15Q11) 9 (0) =
pain
Headache 46 (28) 37 (31) 0 (0) 2(1) 13 (3) 15(7) S (0) 9 (0) .
Vomiting 12(12) 15 (15) 10 (0) 2(0) 26(26) | 30(25 18 (9) 13 (2) -
Nausea 7@ 16 (14) 1(1) 5(2) 30(29) | 24(21) 7 (5) 4 (2)
Diarrhea 26 (16) 16 (11) 5(0) 2(0) 24 (16) 20(7) 0(0) 2(2
Asthenia 28 (24) 19 (16) 1(0) 0 () 5(0) 24 (3) 0(0) 4 (0)
Adverse Percentage of Patients with Common Adverse Experiences (cont'd)
Experience (Percentage of patients in whom AE was considered attributable to study drug by |
investigator) )
Study Study Study Total A+P
115-127 - 115-130 115-136 n=436 =
A+P* | QN+TCND | A+P | pppb | A+P | FYR+S | b
n=87 n=83 n=25 | pe23 | P20 | 0*3 | papy
Abdominal 52 (30) 38 (26) 12 (4) 9 () 25(10) 22(0) 14 (0) 26 (17)
pain ) .
Headache 47 (22) 27 (9) 16 (0) 4 (0) 10 (0) 22 (0) 43 (0) 22 (10)
Vomiting 8(6) 119 | 4444 | 4@ | 3515 | 22011) | 0 |~ 17(12)
Nausea 23 (16) 32(28) 20 (16) 9 (9) 25 (20) 11 (0) 7 (0) 15(12) -=
Diarrhea 158) | 18(13) 1202 | 70 | 56) | 110 | 70 14 (8)
Asthenia 36(14) | 36(18) 8@ | 40 | 00 | 00 | 50 14 (8)

8 A+P = atovaquone and proguanil hydrochloride

——

b PYR+S=pyrimethamine and sulfadoxine, MFQ=mefloquine, ADQ=amodiaquine, QN*TCN=quxmne and
tetracyclme, HLF=halofantrine, C=chloroquine.

MO CﬂMMENT: Table 2 presents data from seven studies in which there was a
wide range of values reported for the frequencies of the AEs listed. Study #115-
122, conducted in Thai adults, and study 115-135, conducted in Filipino adults,
had remarkably low rates of the most common AEs, while studies #115-130 and
#115-134, conducted in European adults and Gabonese adults, respectively, had
remarkably high rates for the AEs listed. Rather than provide additional
information about the investigational agent, this disparity suggests different
methods of AE data collection at different study centers, or, perhaps, cultural
differences in AE reporting.

MO COMMENT: The ﬁ'equency of attributable AEs most closely approximated
the frequency of all AEs for nausea and vomiting. This was fairly consistent
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investigators considered nausea and vomiting most likely attnbutable to study
‘g‘%pne reporting differences noted between treatment centers. Because
‘ ciparum malaria can be a potentially life-threatening infection, the
reliability of oral drug bioavailability is particularly important. The observation
that vomiting is a common attributable AE in patients treated with
atovaquone/proguanil deserves comment. While this was a common AE observed
in patients in NDA 21-087 treated with atq/prg, so it was in patients treated with
pyrimethamine/sulfa, amodiaquine, and, most importantly, patients treated with -
qggnne and tetracycline, the drug of choice for acute falciparum malaria in many
regions including the US. Atovaquone/proguanil may be best utilized if the
prescribing physician is aware of the likelihood that patients may vomit this oral
treatment. The draft label appropriately lists vomiting as a common AE and -
- provides instructions to repeat dosing if the patient vomits within one hour of
—  drug administration. It may also be useful to inform the prescribing physician that
—  15.3% adult patients and 0% of pediatric malaria patients who were treated with
__ atq/prg received antiemetics during that part of the study period that they were

taking atovaquone/proguanil, and that concurrent administration of an antiemetic
may be warranted. This may be best accomplished in the PRECAUTIONS
section, General subsection with the replacement of the current wording on lines
172-174 with the text presented in the section MEDICAL OFFICER’S SAFETY = =
CONCLUSIONS. -

i

23

‘ Absorption of atovaquone may be reduced in patients with diarrhea and

vomiting. If MALARONE is used in these patients, parasitemia-should be closely
monitored and the use of an antiemetic considered. In the controlled clinical trials

of Malarone for the treatment of falciparum malaria, 15.3% adults and 0% -
children who were treated with atovaquone/proguanil received an antiemetic

during that part of the study period during which they received the antimalarial
regimen. In patients with severe or persistent diarrhea or vomiting, alternative
therapy should be considered.’

MO COMMENT: Adverse events are more commonly reported as thosethat -

.occur-in >2% of patients. The MO reviewed tables reporting all adverse events

and amsibutable adverse events for adults and adolescents in phase III studies -

(tables 17, 18;.vol 56, NDA 21-078). Attributable events that occurred in >2% of
: patlems were the following: pruritis (3%), myalgia (3%), anorexia (5%), dizziness

- (5%), diarrhea (8%), asthenia (8%), headache (10%), nausea (12%), vomiting
(12%), abdominal pain (17%). In the draft label proposed by the apphcant, the
section ADVERSE REACTIONS lists those adverse events that occurred in
— of adults in treatment studies, regardless of attributability. These are the

AEs listed in Table 2 above. This list accurately reflects most of the clinically

noteworthy AEs attributed to atovaquone/proguaml in the treatment studies.

Because many of these AEs are seen in the patient with acute malaria, it may be

more informative for the prescribing physician if the list of attributable AEs seen

in >2% of patients is substituted for the current statement in the ADVERSE

REACTIONS section of the label.
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MO COMMENT: In the course of the MO review of Tables 17 and 18 referenced
above, certain inconsistencies in event frequency reporting were noted. This was
 the attention o£ReguIatory Affairs at GlaxoWellcome on May 18,

1999. Following internal review of these tables, GlaxoWellcome determined that
the contents of some individual cells within these tables had been shifted in the
process of transferring data between the original spreadsheets and the final
document. On May 21, 1999, GlaxoWellcome provided the MO with corrected
versions of Tables 17 and 18 that were derived from the original spreadsheets.
-These tables were reviewed and compared to those provided in the original NDA
submission. All data presented and discussed above follow review of these
corrected tables.

Pediatric AEs

The applicant summarized all adverse expenences reported by more than 10% children in
the two phase III pediatric studies. Because many of these signs and symptoms can be
part of the clinical presentation of acute malaria, these results are presented in Table 3

and compared with the rates of the same AEs considered attributable to study drugs by
investigators.

- Table 3. Common adverse experiences reported by >10% of pediatric p-atients treated
with the recommended dose of atovaquone and proguanil

Adverse Experience Percentage of Patients with Comunon Adverse Experiences
B (Percentage of patients in whom AE was considered
attributable to study drug by investigator)
o - Study Study . |  Total A+P -
115-131 115-123 n=116P
A+P2 HLF A+P
n=84 n=84 n=32b -
Coughing 12 (0) 17 (0) 45 (0) 21(0)
Headache 10(2) 18 (5) 450) - 19 (2)
Vomiting 15(13) 8 (2) 19 (0) 17 (11)
- TAbdeminal pain 10 (2) 23 (8) 26 (0) 14 (2)
JAncaxia ) )| 1009) 30E) 132)

a _é*-l!-l-atbvaquone and proguanil hydrochloride, HLF = halofantrine * -
. b No adverse event data were collected for one subject in Study 115-123.

MO COMMENT: Among pediatric patients, vomiting was the most common
attributable AE among patients who received atovaquone/proguanil.

MO COMMENT: The MO reviewed tables 20 and 21 (vol 56, NDA 21-078)
which listed all AEs reported in phase III pediatric patients and attributable AEs
reported in phase III pediatric patients. Attributable AEs that occurred in >2% of
pediatric patients were rash (3%), splenomegaly (3%), pruritis (6%), and vomiting

b
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(11%). Again, as with adults, it may be informative to include the list of ——

attributable AEs that occurred in >2% of patlents in the label. Spienomegaly can -
- be seen in acute malaria; it can also be seen in children raised in areas of high
_MMM531on A causal relationship between three days’ treatment with

atovaquone/proguanil and splenomegaly cannot be established with the data
available here. '

Deaths

One death was reported during the conduct of the 17 studies under discussion in this
section ofhe safety review. This patient’s course was summarized in the safety review
for study #115-012. He was a young Zambian man with a psychiatric history whose
malaria was treated with atovaquone 750 mg q 8 hours for 7 days. The patient cleared his
parasitemia on day 4 and began exhibiting unusual behavior on day 5. He was transferred -
to a psychiatric ward on day 10 and treated with a number of psychotropic drugs: On day

13, he became drowsy, experienced a respiratory arrest and died before resuscitation was

initiated. The MO review of this patient’s CRF determined that this patient might also

have been taking traditional remedies for his psychiatric disease. While the patient’s

antecedent delusions and agitation may have been attributable to atovaquone, his death

was unlikely to have been related to atovaquone/proguanil. The reader is referred to the i
‘MO review of study #115-012 for further details.

M

Serious AEs

In addition to the one patient who died, there were nine patients who experienced serious

adverse events. Of these nine, one was treated with atovaquone alone, five with )

atovaquone and proguanil, and three with a comparator. Four of the ten patients (9 SAE +

1 death) reported central nervous system events, four reported nausea and/or vomiting, -=
one each reported an anaphylactic reaction, congestive heart failure, hemolysis, dental

abscess, and cytomegalovirus. Events for two patients were attributable to study

medication. These were anaphylactic reaction (atovaquone/proguaml) and delusions and

agitation prior to sudden death (atovaquone alone).

The MO reviewed the narrative accounts of each of the patients who experienceda - -
serious adverse event. Of particular interest were those patients treated with atovaquone
alone or atovaquone/proguaml A second patient in study #115-012 experienced
depression and-crymg while being treated with atovaquone alone. The patient reported
alcohol and marijuana use shortly before study entry. His symptoms resolved while
treatment with atovaquone continued. This event was not considered treatment-related. A
Kenyan child with a history of seizures enrolled in study #115-131 experienced a seizure
after two days of treatment with atq/prg. This event was not considered treatment-related.
An adult patient in study # 115-136 experienced a seizure 15 hours after her third and
final dose of atq/prg. This patient was found to be hyponatremic and the event was not
considered treatment-related. A 15 year old patient in study #115-134 had an
anaphylactic reaction to atovaquone/proguanil; this event was treatment-related. One
patient in study #115-130 was diagnosed with a dental abscess and cytomegalovirus

-
~
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infection; neither event was related to treatment with atq/prg. One patient in study #115-

130 reported nausea and vomiting which was not thought to be related to treatment with

atq/prg, thoughethe patient was withdrawn from the study. For further discussion of these -
patients';'theﬂﬁér is referred to the MO reviews of the individual studies.

Treatment-limiting AEs -

Treatment-limiting adverse events for adult and pediatric patients are summarized in

Table 4.

Table 4. Tfeaunent-limiting adverse everits in pharmacokinetic and treafment studies

M

Study Patient | Treatment & Dose’ AE Qutcome
Number Drug -
Adverse Related -
Event |
115-132 26 1000mg ATQ+ headache No |withdrawn
: 400mg PRG once
115133 103 1000mg ATQ+ viral gastro- No | withdrawn
400mg PRG q24hx3 | enteritis
216 1000mg ATQ+ nausea Yes | withdrawn
400mg PRG q24hx3 | vomiting -
MALB1002 1690 S500mg microscopic unlikely | withdrawn
ATQ+ hematuria
400mg PRG by left loin pain | unlikely
Weiders
-1 115-003 302 500 mg vomiting NA | withdrawn
ATQ
115122 1153 | 1250 mg MFQ vomiting No | withdrawn
nausea No -=
115-127 036 QN+ TCN hemolysis No |resolved
(black water
fever) -
115-130 044 1000 mg ATG +400 | vomiting No | withdrawn .
mg PRG nausea No -
086 |1000mg ATQ+ 400 |vomiting Yes |withdrawn
_ - |mgPRGq2dh3 -
g5 |1000mg ATQ+400 | vomiting Yes | withdrawn
7 mg PRG q2¢hx3
115131 | OH |20mg/kg ATQ+ vomited Yes |malaria
. . | 8mg/kg PRG q24hx3 | medicine cured,
- ‘ - withdrawn
115134 ... 062 1000mg ATQ+ anaphylactic Yes | withdrawn
- 400mg PRG q24hx3 | reaction
115-136 — 002 1000mg ATQ+ seizures No |resolved,
400mg PRG q24hx3 | confusion withdrawn

MO COMMENT: Noteworthy treatment-limiting AEs that occurred in patients
treated with atovaquone and proguanil included nausea and vomiting attributed to
study drug observed in a healthy volunteer in study #115:133 and vomiting in —_—
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. three patients enrolled in study #115-130 and one patient enrolled in #115-131.
The treatment-limiting vomiting was attributed to atq/prg in three of these
patients. Analysis of the treatment-limiting AEs underscores the pote: .ial effects.
-of treafment-related vomiting in-patients treated with atovaquone/proguanil.
Benefit from this drug will be maximized with appropriate labeling that identifies _
this potential problem and provides the prescribing physician with information
regarding ways to improve bioavailability with repeat dosing and the possible use
of antiemetics. _ '
MO COMMENT: Though treatment-related vomiting was a common attributable
_ adverse event in patients who were treated with atovaquone/proguanil (12%), it
should be noted that only 3/436 (0.7%) patients experienced treatment-limiting
vomiting. As the optimal use of this drug is considered, it should be borne in mind
that 15.3% of adults who were treated with atovaquone/proguanil received an .
antiemetic. That vomiting due to atq/prg was common and treatment-limiting
- vomiting was not may be related to the use of antiemetics. Proposed labeling
changes that address this issue are presented below in the section entitled
MEDICAL OFFICER’S CONCLUSIONS. —

b

Adverse events from sources other than clinical trials

== -

Malarone was first marketed in Switzerland in August 1997. As of the safety cutoff date
-of October 1, 1998 for NDA 21-078, it had been approved in 25 countries. There have -

been two spontaneous reports of adverse events. One of these was an allergic reaction

and the other an episode of elevated liver enzymes.

LABORATORY STUDIES ‘ -
The applicant’s discussion of laboratory data was divided into two parts. These were 1)

data from pharmacokinetic and phase II studies, and 2) data from phase III treatment ™

studies. B -
Of note.in the pharmacokinetic and phase II data was one malaria patient in study #115- -
005 who was treated with atovaquone and proguanil and experienced severe hemolysis
and hemoglobinuria requiring blood transfusion. The applicant reported that this patient
was one of 71’2@0 were deficient in the red blood cell enzyme glucose-6-phosphate-
dehydrogenase (G6PD) who were treated with atovaquone/proguanil (n=52) or
atovaquone alone (n=19). According to the applicant’s analysis, none of the other 70
patients. had evidence of ‘anemia out of proportion to the severity of their malaria
infection.” ;

MO COMMENT: It is difficult to establish specific criteria that define ‘anemia
out of proportion to the severity of maiaria infection’ among a population of
patients with uncomplicated falciparum malaria. The occurrence of severe
hemolysis in a patient with G6PD deficiency who was treated with
atovaquone/proguanil suggests that the study population in this safety database be
analyzed for any signals suggestive of hemolysis associated with
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atovaquone/proguanil treatment in patients with this enzyme deficiency. Such a
MO analysis is presented below. Before proceeding, however, it should be noted
that atoyaquone and proguanil, both previousl, approved and marketed drugs,
‘have.adbeen associated with hemolysis in patients who are G6PD deficient. It
should also be noted that there was one other patient among those in the
pharmacokinetic, bioequivalence, treatment, and-challenge studies who
experienced severe hemolysis and hemoglobinuria, or blackwater fever, a well
recognized complication of falciparum malaria. This patient (noted in Table 4
above) was treated with quinine and tetracycline and was not G6PD deficient.

THE& MO evaluation of hemolytit-events in patients with G6PD-deficiency was
limited to the population of patients in phase II and phase Il trials in which G6PD
testing was conducted. These were the patients enrolled in studies numbered 115-
005, 115-012, 115-120, 115-122, 115-123, 115-127, 115-130, and 115-131. Only
patients who were treated with atovaquone and proguanil or a regimen that
contained one of these two drugs were included in the analysis. In an attempt to

- limit the confounding effect of hemolysis seen in patients with falciparum
malaria, patients were included in this analysis only if 1) they had a sensitive (S)
response to atq/prg treatment, and 2) they did not have hemoglobinuria at the time:
of enroliment. There were 477 patients who fulfilled these criteria; 51 of these
patients were G6PD deficient and 426 had normal levels of G6PD. Because
anemia from many causes can be a common finding in poorly nourished patients
in developing countries, and because it is commonly seen in acute malaria,
changes in hemoglobin and/or hematocrit were thought to be too insensitive an
indicator for hemolysis. The population of 477 patients described above was
analyzed for the number of patients who had hemoglobinuria at any time after
enrollment during the first seven days of study. Among the patients who were
G6PD deficient, 4/51 (7.8%) had hemoglobinuria during the first seven days of
study. Among patients who were G6PD normal, 21/426 (4.9%)did. Using
Fisher’s exact test, p= 0.327; the difference between these rates was not
statistically significant.

The applicant analyzed laboratory data from all phase III treatment studies by treatment
group. Chranges in mean values for laboratory tests and the percentage of patients with
abnormal labogatory values were reported for the atovaquone/proguanil and the
comparator treatment groups. These results for adults and children are presented in Table
S5below. = -~ -

M
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Table 5. Hematology and chemistry summary data in treatment studies

Red Blood Cells ((pl.) Phase i1 Phase 11 Adult Studies Children (Phase I11)
: = - A+P4 Contral® | A+p HLF®
e .‘1--1'—# Dny Mean Sd. Mean|" Sd. Mean Sdé Mean Sd‘ Mean (%)
0 44108 43| (08 43} 08 45] 09| Not
-1 3 41| 0.7 41} .08 41} 07 39{ 09} Done
7 4.1 07 41| 07 41| 07 371 10
14 43) 0.6 43| 06 42] 06 42| 09
28 4.6] 06 45| .06 45| 06 4.7] 09
Total number M8 7€ 3 k7]
No. markedly abn* 19 T u 19 9
% ma = 55% S1%- 7.0% 281% -
Markedly abn <3.0 /pL
Hemoglobin (g/dL) Phase I Phase Il Adult Studies Children (Phase I11)
A+P? Controt® A+P? HLF*
Day | Mean| g4a | Mean| gqa| Mean| gial Mean| gqal Mean Sdd
T 0 12.0{ 22 125 24 123] 24 1131 201 103} 26
_ 3 11.1] 20 11.8] 23 1171 22 99| 18 97| 23
7 11.2] 1.8 120} 20 119 21 10y 17 103] 21
- 14 118]| 15 125] 18 122} 18 11.2] 13 1097 16
28 126] 1.5 129 17 1291 18 1221 14 121] 15
Total number 348 349 344 116 84
No. markedly abn® 11 9 14 14 12
% markedly abn 32% 26 4.1% 121% 14.3%
Markedly-abn < 7.5 ¢/dL
Hematocrit (%) Phase Il Phase IIL Adult Studies Children (Phase [I1)
A+P2 Control® | A+p HLF?
Day | Mean| gga | Mean| gqa| Mean 5d3| Mean| g4a| Mean Sd2
0 36.2| 6.6 386 6.6 381 69 335 56 340 74
3 334| 6.0 368 6.6 368] 65 309] 59 3277 71},
7 33.5¢ 56 375| 6.0 374] 64 336] 591 "M8] 60
14 35.5| 4.6 385| 51] 383 s4 350| 48 36.6| 44
28 38.11 44 408]| 4.9 404 49 385 47 39.8f 38
Total number 348 436 432 -~ 116 84
No. markedly abn‘ 25 14 15 16 11
% markedly abn 7.2% 3.2% 3.5% 13.8% 13.1%
Markedly abn <25% _
- [ — . -
White Blood Cells (/nL) Phase I Phase [II Adult Studies Children (Phase III)
e A+P2 Contrl® | A+PA HLF®
= - [ Day | Mean]gqa| Mean| gjaj Mean| g4a| Mean| gqa| Mean ggqa
S 0 . 6.1} 22 6.0 25 60} 24 80| 39 86| 3s
3 561 17 531 19 54] 19 651 23 771 32
- 7 721 22 65| 23 63f 23 74| 24 72| 238
14 77] 21 66) 221 66] 25 671 21 621 17
28 82] 22 66| 23 65| 23 71] 25 65| 23
Total number M8 436 432 116 84
No. markedly abn® 7 38 % 2 0
% markedly abn 20% 80%| - 83% 1.7% 0%
Markedly abn <3.0 /nL )
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Phase [l Adult Studies
A+P2 Contzol®

Children (Phase I1I)
A+p? HLF*

Mean| g4a| Mean| g4

Mean| g48| Mean g4

198[ 110] 19| 113
—20) 1w07| 224f 107
3 99| 32|
38| 13| 333| 110
281 103| 290| 106

163} 80 191 92
2151 9 2381 107
325| 146 379] 120
312| 104 M9) 122
2801 99 314] 95

Total number 429 426 116 84
No. markedly abn® 6| — 5 2 1
% markedly abn - 14% 12% 17% 12%
Markedly abn < 50 /nL
—g = —
Total Bilirubin (mg/dL) Phase il Phase [I1 Aduit Studies Children (Phase III)
' A+P2 . Control? A+P? HLF2
Day | Mean| g4a Mean| g4a] Mean| g4a| Mean| g4a| Mean g4a
i 0 15| 12 13] 12 13| 12 12| 1.0 12} o9
3 08| 09 08| o7 07| o7 07] 05 05| 03
7 0.6}-04 06| 03 05| 05 05| 04 04| 02
- 14 0.7} 04 06| 03 05 03 05| 03 04| o2
28 07| 03 06! 03 05| 03 05| 04 04| 02
Total number | s 429 430 116 84
No. markedly abn? 14 9 4 5 .0
% markedly abn 40% 21% 09% 43% 0%
Markedly abn >2.0mg/dL
AST(UL) Phase II Phase Il Adult Studies Children (Phase III)
A+P2 Control® | A+P2 HLF?
Day | Mean| gqa | Mean| gqa| Mean| g4a| Mean| g4a| Mean g4a
0 389|250 302| 303] 295| 73] 481] 421] 599| 596
3. | 3a77l3c0| 299 358{ 72| 15| 409| 437] 434{ 306
7 3571 34| 261] 21| 291] 420 407] 9731 423| 218
1 345{202) 250| 212] 249|159 310 154] 356| 141
28 310{242| 23.4| 184] 229] 148 303] 179] 426) 533
Total number 348 433 27 116 84 1
No. markedly abn? 20 18 13 6 5
% markedly abn 57% 32% 30% 52% 6.0%
Markedly abn > 100 U/L
ALTUL) " [ Phasell Phase Il Adult Studies Children (Phase IIl)
- A+PA Contral® | A+PA HLF®
- | Day | Mean| gqa | Mean| g4a| Mean| gqa| Mean| g4a) Memm gq4a
N 1. 0. | 3401207 274[1093] 235] 363] 292] 333] 474 912
’ 3 | 360|328 254! 98] 216| 296 263] 51.1] 339 380
7 | a16|/309| 301|401] 6| 478 27| 785 323]| 226
2] 14 203|136 271|322 23| 2] 211] 172 241 125
28 358|443| 210| 246l 211 2171  210] 199] 45| 774
Total number U8 433 428 116 84
No. markedly abn® 37 2 15 3 4
% markedly abn 10.6% 48% 35% 26% 4.8%
Markedly abn > 100 U/L .

127

b



NDA 21-078 /MALARONE

Glucose (mg/dL) Phasell | Phase [l Adult Studies Children (Phase IlI)
- - A+p Control® | A+pt HLF®
. Dlyr Mean| g0 | Mean| g4a| Mean| gqa| Mean| g4ai Mean g4a
T 0 113} 28 111.0] 298 1122] 4.5 109 38 102] 33
3 105 24 101.6} 29.2] 1019] 278 95§ 25 94 27
7 91.8 177 908] 228 871 A4 4] 4
- 14 90.5] 23.1 89.01 213 84| 20t 7 17
28 94§ 27 9231 7.0 91.9{ 216 85| 19 771 16
Total number - 315 429 27 116} _ 84
No. markedly abn® 0 3 3 12 13
% markedly abn 0% 0.7% 0.7% 10.3% 15.5%
Markedly ¥bn <50 mg/dL -
Creatinine (mg/dL) Phase II Phase Il Adult Studies Children (Phase III)
| AP Control® | A+P? HLF®
- Day | Mean|g4qa | Mean| gqa| Mean| g4qa| Mean| gqa] Mean gya
0 1.1} 03 1.1] 04 1.2} 05 1.0} 04 09| 0S5
3 101 0.2 11| 04 11| 06 08| 03 08} 05
1.0} 0.2 1.0f 03 1.04 04 07} 03 08! 03
14 1.0| 02 10} .03 1.0{ 03 071 02 07] 03
28 1.0} 0.2 1.0{ 02 1.0] 03 07] 02 07] 03
Total number M8 433 428 116 84
"|No. markedly abn® 0 8 9 0 0
% markedly abn 0% 1.8% 21% 0% 0%
Markedly abn >2 mg/dL

8 A+P = atovaquone + proguanil hydrochloride, HLF = halofantrine, SD= standard deviation, abn =

abnormal.

b Adult Controls = combined data from treatment with pyrimethamine and sulfadoxine in study-115-120,
mefloquine in study 115-122; halofantrine in study 115-130, amodiaquine in study 115-134, chloroquine,

with or without

pyrimethamine and sulfadoxine, in study 115-135, quinine and tetracycline in study 115-127, and

pyrimethamine and sulfadoxine in 115-136.

€ For Day 0
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Table 5 Sl_lows that the comparison of mean laboratory values between treatment groups

for adults and children did not reveal any treatment associated differences in laboratory
values that were clinically significant. Examination of the means for each treatment
group does show the anemia, leukopenia, and mild abnormalities of liver function and

renal functionsthat can be seen in acute-malaria.

-

Examination of the percentages of adult patients in each treatment groap with markedly

abnormal laboratory values shows that patients who were treated with atq/prg had a

higher rate of markedly abnormalTotal bilirubin (2.1% v. 0.9%) and ALT (4.8% v. 3.5%)

levels. Hyperbilirubinemia was also more common in pediatric patients treated with
atq/prg compared to controls, though this was not the case with transaminase (ALT or
AST) values among children studied. The applicant pointed out that the most marked

elevations of transaminases and the most marked differences between atq/prg treatment

group and control were seen in studies #115-122, which was conducted in aduits in
Thailand, and in study #115-130, which was conducted in adults in France. In study #

115-122, marked elevations of ALT or AST were seen in 21% atq/prg patients compared
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with 9% control (mefloquine) patients. The applicant speculated that the observations
made int Thailand might have been the result of the high rate of chronic hepatitis B
infection. However, if that were the case, one would expect to see such patic.us equally
represeated.hﬁween the two treatment groups. In almost all instances, abnormal liver
function tests did return to normal by the end of the 28-day study period.

~ MO COMMENT: In an attempt to better characterize the liver function test
abnormalities noted in patients treated with atovaquone/proguanil, the MO
performed an additional analysis on the patients in study # 115-122, the study in
which there was a large difference between treatment groups in the number of
petients with markedly abnormat liver function tests. In an attempt to limit the
confounding effect of acute Plasmodium falciparum infection on total bilirubin,
ALAT, and ASAT, only patients with normal values for these tests at enroliment
were analyzed by treatment arm and by study day. The proportion of patients with
an abnormal value for each of these tests was-determined for each day of the -

study on which blood was drawn after day 0. These results are presented in Table
6. :

Table 6. Liver function test abnormalities by treatment arm and by study day in patients -
with normal values at enrollment in study #115-122

Y

No. of patients with No. of patients with No. of patients witl¥
elevated Thili (%) elevated ASAT (%) elevated ALAT (%) -
Study day | A/P Mef A/P Mef A/P Mef
Day 3 3/46 (6.5) {2/51(3.9) |24/59(40.7)| 6/57(10.5) | 7/60(11.7) | 3/62(4.8)
Day 7 1/46 (2.1) [ 1/53(1.8) | 10/59(16.9) | 5/58 (8.6) | 16/60 (26.7) | 10/64 (15.6)
Day 14 0 1/49 (2.0) [ 7/55 (12.7) | 8/56 (14.3) | 14/57 (24.6) | 13/61 (21.3)
Day 28 0 0 4/48 (83) | 4/49(82) |7/49(14.3) | 9/51(17.6)

A/P = atovaquone/proguanil, Mef= meﬂoquine

Table 6 shows that adult malaria patients treated with atovaquone/proguanil and
mefloquine both exhibited early elevations in total bilirubin that resolved within 4 weeks.
There was little difference in the rates or duration of total bilirubin abnormalities between
treatment groups. Hemolysis due to red blood cell parasitization and sequestration of
parasite ifi the microvasculature of the liver might be mechanisms by which Plasmodium
infection causes-elevations in the total bilirubin. Further examination of Table 6 shows -
that elevations in transaminases (ASAT and ALAT) occurred more commonly and lasted
longer in Both treatment groups studied in #115-122. It is noteworthy that a larger
proportion of patients treated with atovaquone/proguanil had early (day 3) elevations in
both ASAT and ALAT (40.7% v. 10.5% and 11.7% v. 4.8%, respectively). This trend
persisted in each treatment group at day 7, when atovaquone/proguanil-treated patients
were again-observed to have a higher rate of transaminase elevations than mefloquine-
treated patients (16.9% v. 8.6% and 26.7% and 15.6%). None of these transaminase
elevations was more than 5x the upper limit of normal (200 IU). When transaminase
elevations were analyzed at later points in the study (days 14 and 28), there were few

. differences noted between treatment groups. Both had a small proportion of patients who
had elevated transaminase levels at the conclusion of the study.
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The high rates of early elevations of transaminase values in patients treated with
atovaquone/proguanil are noteworthy when one con::Gers that the population analyzed in
Table 6 was lininted to patients who had normal values for these tests at enroliment. The
natural history of falciparum infection suggests that, because of sequestration of parasites -
in microvasculature, there may be a lag between parasite clearance from the peripheral
blood and normalization of some liver function tests. However, in a randomized trial such
as this one, the proportion of patients manifesting this lag would be evenly distributed
between treatment groups. Similarly, the suggestion made in the study report for #115-
122 that high rates of chronic hepatitis B infection in Thai adults might explain the liver
__functiomtest abnormalities seen here does not seem applicable to a randomized study
population. These abnormalities did not persist for the duration of the study, nor were
they particularly severe abnormalities. Examination of the mean values for these liver
function tests in the entire phase III population (Table 5) does not reflect the differences
between treatment groups seen in #115-122. It may be useful to inform the prescribing

- physician that mild elevations of transaminase levels can persist up to 4 weeks following
treatment for malaria with atovaquone/proguanil.

MO COMMENT: The draft lal;el includes a statement that describes the liver

function test abnormalities noted in the patients in the phase III trials. It is
presented below:

/—\~

c———

- T g,

The applicant should consider the addition 6f wording that informs the
prescribing physician about the nature and duration of these abnormalities.

Also noteworthy in the pediatric patient population was the higher rate of hypoglycemia ‘
seen in atq/prg and comparator-treated children (10.3% and 15.5%, respectively) when
compared. with adults (0.7% and 0.7%, respectively). Rather than suggest an association
with treatment, this more likely represents the differences between adult and pedlatnc
malaria. -

-

DRUG INTERACTIONS :
The applicant reported that no formal drug interaction studies have been performed wnth

atovaquone/proguaml and drugs likely to be administered with them during the treatment
of malaria: -

MO CéMMENT: The draft label includes statements about potential interactions
between Malarone and tetracycline, metoclopramide, and rifampin. The labet
states,

Concomitant treatment with tetracycline has been associated with
- plasma concentrations of atovaquone.

b
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MO COMMENT: An explanation for the conclusion regarding metoclopramide
should be provided. The Biopharmaceutics review of NDA 20-259, atovaquone
tablet (MEPRON), included a comparison of steady-state concentrations (Css) of
aidvaquone achieved during the concomitant administration-of other drugs. When
all patients were considered (n=191), the Css for atovaquone was 13.9 mcg/ml.
Patients who received concomitant metoclopramide (n=6) achieved a Css of
atovaquone of 5.8 mcg/ml. A possible mechanism proposed for this lowered -
concentration was that metoclopramide-induced stimulation of the GI tract may-
have resulted in reduced absorption of atovaquone. The reader is referred to the

- section MEDICAL OFFICER’S SAFETY CONCLUSIONS for proposed -
wording for this section of the label.

MO COMMENT: Earlier MO COMMENTS have suggested the applicant add a
statement to the label that acknowledges the relatively high rate of nausea and
vomiting attributed to Malarone and advises early use of an antiemetic in patients
who are candidates for oral antimalarial therapy with Malarone Such a statement
should include a reference to the
- The reader is referred to the section MEDICAL OFFICER’S
SAFETY CONCLUSIONS for proposed wording for this section of the label.

MEDICAL OFFICER’S SAFETY CONCLUSIONS

The safety data submitted with NDA 21-078 for pharmacokinetic, bioequivalent,
treatment, and challenge studies support the safety of the combination of atovaquone and
proguanil when given for the treatment of uncomplicated falciparum malaria. —

The followmg Lgelmg changes are recommended. All label references are to the draft

dated Mays 1999: )

L Atovaquone/proguaml may be best utilized if the prescribing physman is aware of
the likelihood that patients may vomit this oral treatment. The draft label
appropriately lists vomiting as a common AE and provides instructions to repeat
dosing if the patient vomits within one hour of drug administration.

It may also be useful to inform the prescribing physician that 15.3% patients in
controlled treatment trials received antiemetics during that part of the study period

that they were taking atovaquone/proguanil, and that concurrent administration of an
antiemetic may be warranted. Analysis of the treatment-limiting AEs underscores the
potential effects of treatment-related vomiting in patients treated with -
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atovaquone/proguanil. Benefit from this drug will be maximized with appropriate
labeling that identifies this potential problem and provides the prescribing phySician
with information regarding ways to improve bioavailability with repeat dosing and
the possibfeiﬁ'se of antiemetics. This'may be best accomplished in the
PRECAUTIONS sectien; General subsection with the replacement of the current
wording on lines 172-174 with the following:

_ Adverse events are more commonly reported as those that occur in >2% of patients.
The MO reviewed tables reporting all adverse events and attributable adverse events
for adults and adolescents in phase III studies (tables 17, 18; vol 56, NDA 21-078).
Attributable events that occurred in >2% of patients were the following: pruritis (3%),
myalgia (3%), anorexia (5%), dizzinéss (5%), diarrhea (8%), asthenia (8%), headache
(10%), nausea (12%), vomiting (12%), abdominal pain (17%). In the draft label
proposed by the applicant, the section ADVERSE REACTIONS lists those adverse
events that occurred in —  of adults in treatment studies, regardless of :
attributability. These are the AEs listed in Table 2 above. This list accurately reflects
most of the clinically noteworthy AEs attributed to atovaquone/proguanil in the
treatment studies. Because many of these AEs are seen in the patient with acute
malaria, it may be more informative for the prescribing physician if the listof
attributable AEs seen in — of patients is substituted for the current statement in the
ADVERSE-REACTIONS section of the label. The following statement should be
substituted for.the current wording on lines 236-239 in the draft label:

e

_ Attributable AEs that occurred in >2% of pediatric patients were rash (3%),
splenomegaly (3%), pruritis (6%), and vomiting (1 1%). Again, as with adults, it may
be informative to include the list of attributable AEs that occurredin — of patients
in the label. Splenomegaly can be seen in acute malaria; it can also be seen in
children raised in areas of high malaria transmission. A causalrelationship between

b
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three days’ treatment with atovaquone/proguanil and splenomegaly cannot be
established with the data availablé here. The following statement should be
substituted for the current wording on lines 240-242 in the draft label: -

O

B ¢ © - - .- -

4. The applicant should consider the addition of the followmg sentence at the end of the
sentence on line 245:

- -

5. The applicant should include a statement in both the CLINICAL PHARMACOLOGY
~ section, Drug Interactions subsection and in the PRECAUTIONS section, Drug
Interactions subsection-that explains how and in what population(s) conclusions were
drawn regarding interactions between atq/prg and metoclopramide, tetracycline, and = §-
rifampin.

120-DAY SAFETY UPDATE

TREATMENT AND PROPHYLAXIS OF MALARIA
On April 27, 1999, the applicant submitted to NDA 21-078 the required update on safety
reporting that included the period from the original safety cutoff, October 1, 1998 to
February 26, 1999-During this period there were no new data for the completed studxes
presented in the original NDA. Also during this period,

———
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CONCLUSION TO MEDICAL OFFICER’S REVIEW OF TREATMENT
INDICATION FOR NDA 21-078

Mdm.gaﬁxdmmbMOnofaovaquoneandpmgmLmsafeandcﬁ'ecuvemthe
treatment L&imcomphwedfalcxpmmalma.mﬁmyofthxsdmghasbeen
demonstrated in a wide range of geographic settings. It has been shown to have high -
efficacy rates comparable to approved comparators, and it has been shown to have better
eﬁcxymtuthmdmgsmthmaccephblefnlmarmmnmpmablyduemdmg
resistance. Efficacy has also been demonstrated in adults and children across a wide
range of weight classes and doses and in populations that demonstrate-widely varying
degrees of immunity or non-immunity to malaria. Preliminary evidence suggests that
‘ Malmoneﬁyhaveacnmyagamsttheeryﬂmcyhcphmofmn-falupmmmalmaas
well.

Irecommendapproval ofthisdmgfortheu'ealmentofacme uncomplicated falciparum.
malaria. )

- Andrea Mdyerhoff 1D MS¢DTMH
B Medical Officer )
Concurrence Only: .
HFDS590/TmLdrMO7Hopkins
HFD-590/DivDir/Goldberger
cc: Original NDA 21-078 HFD-104/0OfficeDir/Kweder
HFD-590 '
HFD-590/MO/Meyerhoff -
HFD-590/Chem/SmithJ
HFD-590/Micro/Bala _
HFD-590/Pharm/Kunder
HFD-590/Biopk . . )
HFD-725/Biometrics/Jiang -
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- — Medical review: Atovaquone/proguanil pmphylaxxs for malaria

Title: medical officer’s review of NDA

NDA number 20-634 o
- -

Applicant identiied¥on: - }

Glaxo Wellcome Inc.

Five Moore Drive

Research Triangle Park,
. NC27709 .

Phone (919) 483-2100

Submission/fé¥iew dates - -
Date of submission Dec 29, 1998.
Date review completed June 11, 1999

Medical officer: Leonard sach

Dm? identification:

Generic name: Atovagnone and proguanil hydrochloride tablets

Trade Name: Malarone - -

Chemical name: trans-2-{4-(4-chlorophenyl)cyciohexyl]-3-hydroxy-1 ,4-naphthalenedione
and 1-(4-chlorophenyl)-5-isopropyl-biguanide hydrochlonde

Dosage form: Tablet

Route of administration: Oral

Proposed indication and usage as described in the label:

INDICATIONS AND USAGE:

Prophylaxis of P falciparum malaria including;
DOSAGE AND ADMINISTRATION '
Prophylactic treatment with MALARONE should be started 1 or 2 days before entering a malana-endemxc
areaand ——

Adults: One malarone tablet (adult strength=250mg atovaquone /100 mg proguanil hydrochloride) per day.
~Pediatrics dosed by weight according to the following table

Weight (kg) "| Atovaquone/proguanil HC] Total Daily Dosage regimen -
" | .Dose .
11-20 _ 2.5mg/25mg ) One Malarone Pediatric Tablet daily
— =30 125mg/50mg Two Malarone Pediatric Tablets as a
- singledosedaily * =~

— -40 _ |.187.5mg/75mg Three Malarone Pediatric Tablet as a

>40 250mg/100mg One Malarone Tablet (aduit strength)
| daily

kY



NDA 21-078

Medical review: Atovaquone/proguanil prophylaxis for malaria

Table of Contents
Backgrotm_d mfonmt!on ' 3
Stady MALB 2001 (Renya). s
Study MALB 3001 (Zambsia) 20
Study MALB 3002 (South Africa) 34
Study MALB 3003‘(Gabon) S
Study MALR.2002 (US) .. 67

_ Integrated summary for safety- 77
Integrated summary for efficacy ‘ 87

- - :

A



NDA 21-078
Medical review: Atovaquone/proguanil prophylaxis for malaria

Background: - T
Regulatory history:
Malarone has been approved for the treatment of P falciparum malaria in the following countries:
Argentina, AustraliarAustria, Bahrain, Belgium, Brazil, Canada, Chile, Cyprus, Ecuador, France, Gabon,
. Germany, Italy;Ja -Kenya, Kuwait, LuxembBourg, Netherlands Antilles, Mauritius, Myanmar, Peru
Phillippines, Portugal, Singapore, Sweden, Switzerland, Trinidad and Tobago, UK. Malarone hase been
approved for treatment and prophylaxis of P falciparum malaria in Denmark. A submission to the Mutual
Recognition Procedure of Europe in Dec 1997 was withdrawn in July 1998. —— ",

Pre-clinical concerns: . - -

Pharmacology and toxicology studies demonstrated that proguanil was toxic when given to dogs in a dose
of 20-160mgg. Over 9 weeks, proguanil at this dose resulted in gastritis, vomiting, emaciation and death.
(See pharmacology/toxicology review). Over a 26-week study period, proguanil given to dogs alone or in
combination with atovaquone resulted in histopathalogical abnormalities of the heart liver and gall bladder.
Cardiac lesions in these animals included fibrovascular proliferation. Proguanil 40 mg/kg/day either alone
or in combination with atovaquone resulted in the deaths of three beagle dogs, among 8 treated with this
regimen. -

Novel dosing claim:

Individuals infected with malarial sporozoites from a mosquito normaily experience an asymptomatic
“prepatent” period during which parasites develop and muitiply in the liver. Approximately 6 % -10 days
after infection, parasites are released from the liver where they infect red cells, producing positive blood
smears and symptomatic disease. Antimalarial agents acting on the liver stage of the infection (prior to the

appearance of parasites in the blood) have been designated “causal” prophylactics. No antimalarial agent to -

date has been has been approved as a “causal” prophylactic. Traditionally, antimalarial prophylaxis is
continued for 4 weeks beyond the period of malaria exposure, to cover the time during which the parasites
are present in the peripheral blood. This application seeks a dosing regimen for malarone prophylaxis,
extending only seven days beyond the period of malaria exposure based on the purported activity of
atovaquone and proguanil against the hepatic phase of the infection.

Material reviewed: ‘

Clinical trials supporting the indication for the prophylaxis of malaria due to P falciparum included five
clinical trials as shown below. Four were conducted in Africa. They included two placebo-controlled field
trials performed in adults, one in children and an uncontrolled adult study to provide predominantly safety
data. In support of Malarone as a “causal prophylactic” a single volunteer challenge study was conducted in
the USA using atovaquone alone. Further support for this claim was provided in the form of a reprint of a
historic study examining proguanil alone as a causal prophylaxis.

(Y
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Table 1: Controlled studies of Malarone in the prophylaxis of malaria
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MALB2001 -
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_ SMMWaymdembhbmmm&reempmuel-mm
Following screening, all patients received “radical curative treatment” with four tablets of Malarone daily - -
for three days (atovaquone 250mg/proguanil 100mg per tablet). Patients were then randomized to one of
three suppressive treatment regimens. These regimens included one Malarone tablet daily, (atovaquone
250mg/proguanil 100mg per tablet), two Malarone tablets daily or placebo daily. A successful radical cure
was defined by riegative smears at week one or week two following radical curative treattnent. Successfully
mmdmmncmmed&emhylumphuof&emdyfum%%mhmnof
prophylaxis, subjects were followed for a further 4, weeks. Weekly malaria smears were 1aken and the study
“‘éndpoint was a positive thick film for any plasmodium species while on prophylaxis. The study was
conducted at a single site in the Lwak village of Northern Kenya, during the peak malaria transmission
period April to August 1996. The schedule of events is shown in table 3.

A

Table 3: Schedule of study visits and procedures
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The study was conducted in collaboration with the US army Medical research unit in Kenya and the Kenya
Medical Research Institute. Data management and biochemistry and plasma drug level analysis were
contractedto  —_

-3

_ - - -
Ipclusion criteria: —_
e Male or female
e In good health
o >=|8 and <=65 years of age
e willing and able to give informed consent and able to comply with the protocol
‘Exclusion criteria: .
e Pregnancy® - -
¢ Lactation
¢  Of childbearing potential and in the mvesnptor s opinion not willing or able to avoid pregnancy.
L

Received antimalarial drugs or other drugs with antimalarial activity within the previous 2 weeks.
o- Known hypersensitivity to atovaquone or proguanil.
¢ —Clinically significant abnormal baseline hematology or clinical chemistry parameters (when results
were obtained volunteers were withdrawn at the discretion of the investigator)
¢ Significant renal impairment as evidenced by a creatinine clearance of <30 ml\min
Splenectomy
Laboratory evidence of hepatitis as defined by a three-fold increase above the normal upper limit in
alanine transaminase (ALT) for this volunteer population
o  Clinically significant concomitant medical problems as determined by the investigators.

riteria fi ture discontipuati
Volunteers could withdraw themselvcs or could be thhdnwn by the investigator at any time if continued
participation was considered detrimental. If the reason for withdrawal was an adverse event, then an
adverse event form was completed. Subjects were evaluated two weeks after wnhdrawal if they remained
in the study area. -

1) Subjects with parasitemia at the end of “radical cure™ or during chemo-suppression or-follow-up were
withdrawn and managed according to the clinical judgment of the attending study clinician.

2) Subjects missing more than 2 days of medication were withdrawn as compliance failures. Compliance
was checked by a field worker in the community.

_-3) Concurrent therapy: Volunteers receiving drugs with anti-malarial activity during the study were
withdrawn. Such drugs included chloroquine, quinine, mefloquine, halofantrine, cT=

pyrimethamine/sulphadoxine, proguaml and antibnoncs such as co-trimoxazole, tetracycline, doxycyclme
and nfamplcm. -— -

Study procedures: __

Study drug was adnnnmeredmderthe supervision of field workers each day, 45 minutes aﬁcr food.
Randomization was in blocks of 30.

Investigators assessed patients on weeks —1,0, 5,10 and 14. These visits included a review of inclusion and
exclusion criteria, a medical history, physical examinations and additional blood sampling for hematology,
biochemistry and pharmacokinetic tests. Field workers performed the rest of the visits during which

compliance and concomitant medications were reviewed, adverse events were recorded and blood smears
for malaria were obtained.

At the start of chemosuppression, thick blood films were examined.

Subjects developing malaria were treated with ﬁyrimethamhe/sulphadoxine and in vitro drug-sensitivity
tests were performed and drug levels were measured. .

)
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Thepnmatyendpomtwasthedeveloymentofpanmenmmthany specxaofphsmo(hmdmg
chemoprophylaxis. . -

Smears tegndqha.hcmve by one microscopist were confirmed by a second microscopist, and
disagreements were settied by a third senior technologist.

MO comment: Negative smears were not reviewed by a second mleroseopist compromising the
sensitivity of detecting endpoints.

Since the claimed indication is for the prophylaxis of malaria due to P falciparum, the primary
endpoint should be limited to smears positive for P falciparum

ICsq values weie obtained wherever viable isolates were identified and compared with Listorical values to
identify the development of drug resistance.

. MO comment: A historical comparison would not dlsdnguish between development of drug

resistance versus initial infection with a resistant parasite.

t:
The population analyzed for safety included all patients who received at least one dose of
atovaquone/proguanil during chemoprophylaxis Adverse cvents were coded using COSTART terms
summarized by attributability, intensity, seriousness and action taken.
Treatment-limiting adverse events were defined as events for which the action taken was recorded as
“study drug discontinued.” Symptomatic malaria was not considered a treatment-related adverse event.

Adverse events were defined as any untoward medical occurrences experienced by the voluntecr They

, included exacerbation of pre-existing illnesses.

Serious adverse events included deaths, life-threatening events, disabling or incapacitating events, events
requiring or prolonging hospitalization, cancer, congenital anomalies, adverse consequences of overdose,
and laboratory findings fitting the definition of serious adverse events or other labcfatory findings of major
clinical concern. -

Routine protocol-defined clinical laboratory tests included hematocrit, hemoglobin, platelets, total white

blood cells and a lymphocyte count, serum sodium, potassium, albumin, creatinine, urea, total bilirubin,
alkaline phosphatase, and alanine aminotransferase.

Sample size calculations:
Eighty to one hundred subjects were to be included in each of the three study arms. If 85% ofplacebo-

treated subjects developed parasitemia, the study would have a power of 80% to detect an 85% efficacy
compared to placcbo with a confidence of >70%.

Intent-to-
The populatiofi for 8IS analysns was deﬁned as subjects who: -

e Had negative baseline smears _ c-

e  were randomized ' -

L recewed’atlastonedoseofsmdymednmuon.

Patients excluded from this population included

e  Subjects withdrawn due to intolerance of “radical cure”

e  Subjects lost to follow up before the baseline visit

e  Subjects lost to follow up during radical cure

In this population, the following categories of patients were distinguished:

Non evaluable: Patients with no results of a baseline smear, patients not confirmed to have taken at least
one dose of study medication.

Evaluable failures: Included patients with a posmve smear for P falciparum anytime after the week 2 visit,
up to and including the week 10 visit, patients receiving other drugs with anti-malarial activity, patients

Y



NDA 21-078 , ' N

Medical review: Atovaqwnelpmguaml prophylaxis for malaria

The protocol was modified to reflect that the chemosuppressive phase of the study would last 10 weeks
rather than at least 10 weeks as previously determined. The statistical aim of the study was restated to
demonstrate that the chemosuppressive protective efficacy of a fixed dose combination of atovaquone and
proguanu against P fglciparum infection is at least 85% better than placebo with a lower limit of
conﬁdenced‘mﬁmtelym%.1'hesamples1zemmsedﬁom64to70pennntoprowdeapowerof
80% to detect an 85% efficacy compared to placebo with a lower limit of confidence of approximately 70%
if the placebo infection rate was 85% as expected. In addition, “clinically significant concomitant medical
problems” were added to the list of exclusion criteria. Also provision was made o reclassify all patients
missing daily medication for more than 2 consecutive days as compliance failures. Tbecepauemswereto
be withdrawn from the study.
April 12 1996 ~

A change in packaging of the study medications was described allowing patients to receive 10 cartons each
containing twestracer packs”, one tablet to be taken from each pack per day. During thé-follow up period
of up to 4 weeks, serious or unexpected adverse events would be captured rather than ail adverse events.
May 31 1996

An extra physical examination was scheduled for visit 16 to allow for follow-up of physical findings dunng

study.

July 11 1996 _—

An additional blood sample was to be taken during the four weeks of follow-up on patients with a positive
malaria smear, to measure concentrations of atovaquone, proguanil and cycloguanil. An interim analysis
was scheduled for all patients with positive smears during chemoprophylaxis to determine if all were
receiving placebo. This information was to be used to supportthe-use of a single tablet dose in subsequent
prophylactic trials.

Results: )

Two hundred and sixteen subjects were screened and enrolled for radical curative treatment. Two hundred
and five completed the radical cure phase. Randomization resulted in 70 subjects being allocated to the one
tablet arm, 67 to the two-tablet arm and 68 to the placebo arm.

Table 4: Patient disposition

216 screened
205 completed radical cure-

Treatment group Placebo (n-68) One tablet (n=70) Two tablets (n=67)
| Loss to follow-up 3 2 2

ITT population 65 68 65
Discontinued during 11 14 11

hylaxis : -
Per-protocol 54 54 , 54 - -

The 11 patients who failed to complete radical therapy included 9 who failed to return, one who was

withxdrawn for Tepeated vomiting and one who withdrew consent. Seven subjects were lost to follow-up

before the baseline yisjt and were not'included in the ITT population. No subjectswet;exchxdedonthe
" basis of a positive baseline smear.

MO comment: Visis-1 was not conducted due to resource constraints (see vol 58 p28 of NDA)

According tq the report on protocol deviations the week 0 visit was not conducted and week 1 dats

was used for a baseline. Failures of prophylaxis would only have been detected after two to three

weeks and the above procedure is acceptable.

Thirty-six subjects entering the chemo-prophylaxis phase were discontinued as shown below:

Table 5: Reasons for discontinuation

10

-
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Reason for Discontinuation Chemoprophylaxis Treatment Group
) Placebo 1ATQ/PGN Tab® | 2 ATQ/PGN Tabs® |
- . Per Day Per Day

Failure bnty:n._: R 6 (18; 80; 104; 109; |4 (102; 103; 116; 2 (52;180)

‘ : 131; 150) )
No Week 10 blood smear 2 (15; 86) 6 (72:93;114;169; |7 (77;94: 101; 134;

172, 227) 151; 212; 214)
Non-compliance |2 azae 3 (19; 56; 226)
Refused drawing of blood 1 (65
Took antimalarial concurrently 1 (89) 1(79)
Mistaken entsi (violation of . - 222)
" [inclusion/exclusion criteria) -1

Total 1. 14 11

Withdrawals for reasons other than parasitemia occurred in 11 placebo recipients, 14 patients treated with
one tablet of malarone and 11 patients treated with two tablets of malarone.

Most withdrawals occun‘ed during the second half of the 10 week chemoprophylaxis period and were
equivalent for the groups. .

MO comment: Line listings for all withdrawais were reviewed looking for pyrexia,
thrombocytopenia, malarial symptoms and treatment with antimalarials at the time of withdrawal.
None of the 36 withdrawn patients was documented to have a fever or symptoms of malaria at the

time of withdrawal. Significant thrombocytopenia was not evident in any of the subjects at the time
of withdrawal.

Two subjects received antimalarials. One (#39) placebo-treated patient with a positive baseline smear
received “Fansidar” at the beginning of chemoprophylaxis. One patient in the 2 tablet arm (#79)
received intramuscular chioroquine 2 days after the week six visit. Neither fever ner
thrombocytopenia were recorded and a malaria smear 2 days prior to the date of discontinuation
was negative. It did not appear that any of the withdrawals had evidence of malaria as a cause for
discontinuation. Most were withdrawn for reasons of poor follow-up and an absence of blood smears

at the end of chemoprophylaxis. No withdrawals occurred as a result of a treatment related adverse
event .

All 36 withdrawals above were treated as evaluable failures in the ITT analysis.
All 36 withdrawals above were excluded from the PP analysis.

Demomhlcs at screening:
Patient characteristiss on enroilment are described in table 6 below.

- s - -
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Table 6: Demographic features of patients at the screening visit

1 ATQ/PGN Tab? 2 ATQ/PGN Tabs?
: - Placebo Per Day Per Day
Characteristic ;_ n=68 n=70 n=67"
Male/Female 47/21 47/23 41/26 -
Age (yrs) S
Males
Mean (SD) 29 (7.8) 32 (99) 28(9.7)
Range- 19-55 18-51 . -17-53
Females ) .
Meang(SD) 320012.2) 31 (11.6) -28(11.0)
Range 18-53 18-51 T 1854
Weight (kg) -
Males
Mean (SD) 63 (7.6) 64 (8.1) 64 (5.9)
Range 45-77 46-84 55-79
Females _ .-
Mean (SD) 65 (10.7) 58 (9.0) 618.7)
Range 45-96 . 41-75 45-75
Height (cm)
Males
Mean (SD) ~--175 (7.0) 173 (9.8) *176 (5.4)
Range -152-190 136-189 164-188
Females
Mean (SD) 165 (7.5) 161 (6.2) 165 (7.4)
Range 150-186 150-172 -151-176

MO comment: Patients were equally matched between the three arms for sex, age,-weight—and height.

The inclusion of younger women may have been limited because of their childbearing potential.

At screening 34% of randomized subjects had positive malaria smears, 25/68 in the placebo arm, 23/70 in
the one-tablet arm and 21/67 in the two-tablet arm. All subjects in the ITT population had negative smears

at week lor 2 following radical treatment.

MO comment: High rates of parasitemia at screening indicate that this population had substantial

malaria exposure prior to ptophylnis with appreciable malaria immunity unlike malaria naive
travelers.

Concurrent ilinesses.were mmhr in all three groups. Headache and trauma accounted for a large proportion

- P

of these.
Table?shomthatcmthalpydtnmgthestudywasdsosmhrfmthepoups
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Table 7: Anmaob:dsandothetmostcomonlynsedconcmentmdxcanom

__ __ | Placebo (r=68) One tabiet (n=70)_ Two tabléts (n=67) _
Almelication & [37 (84%) 55 (19%)_ 59 (88%)
Analgesics - | 52 (16%) -1 48(65%) 53 (19%)
Antacids 13 (19%)_ 17 (24%) 16 (24%)

| Antibacterials (any) 41 (60%) 36 (51%) 39.(58%)

| Beta lactams 36(53%) 33 (47%) 39 (58%)

| Sulphonamides 1(1%) 0 0

| Tetracyclines 7(10%) 7(10%) 8 (12%)
Quinolones 4 (6%) . 2(3%) 2(3%) 1 -
Antihistamines_ 34 (50%) 37 (53%) 39 (58%) ;
Anticpileptics 20 (29%) ~ | 23(33%) 32 (43%) =
Cardiac meds 23 (34%) 35 (50%) 32 (48%)
Antimalarials * 23 (34%) 5(1%) 6 (9%)

The frequent use of cardmc medications and antiepileptics in all groups was notable. Agents with possible

antimalarial activity included sulphonamide/trimethoprim in one placebo recipient, and tetracyclines in 10-
12% of each group.

Comptiance: : o
Compliance was supervised each day by a field worker and recorded in a daily record card as study - -
subjects arrived at drug distribution sites. At each weekly visit, daily record cards were collected and ;

compliance records were entered into the case report form. Five subjects were withdrawn for non-
compliance, two in the placebo group and 3 in tiesingle tablet group.

Efficacy resuits:

Parasiternia developed in 28 subjects on placebo and none of the subjects in either of the malarone arms
during the chemo-suppressive phase of the study. ’I'he degree of parasitemnia was not reported. -~

All parasitermias were identified morphologically as P falciparum. Gametocytes were not reported in any of -
these treatment emergent infections. -

Correlation between fever and parasitemia:
A temperature >38C was only recorded in 5 placebo recipients despite the fact that 26 had posmve smears
at screening and 28 developed malaria during the chemoprophylaxis period.

“MO comment: The absence of fever in the majority of padents developing malaris in this study
suggests that this population had substantial immunity and their presentation differed from the - -
presentation expected of nalve travelers entering a malaria area for the first time.

- - -

To exclude the possibility that cases occurring in the chemoprophylaxis pbase were recrudescences
following radical cuf®¥, I calculated the odds for parasitemia developing during chemopmpbylaxu among
patients with a parasitemia at the screening visit vs those without parasitemia at the screening visit in 7
patients on the placebo arm.- The purpose of this analysis was to determine whether malarone selectively
suppressed recrudescences or whether it prevented new infections.

Table 8 Treatment failures among glacebo rectplents with or without baseline parasitemia

| Treatment failure No treatment failure
Baseline parasitemia 11 15
No baseline parasitemia 17 22

'
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MO comment: Eleven of 26 patients (42%) ;vhompnraduuﬁeatmdwdoped malaria
with 17 of 39 patients (44%) whe were net parasitemic at baseline,

. during the study a

(OR 0.95

)}- A parasitemia at screening did not increase the risk of developing malaris

during the study, wmmmmhthplm”mumﬂkdytobo
recrudescences thaa they were to be new infections.

Prophylactic efficacy in the ITT population was determined as follows:

N=198 —_
Table 9: Results in the I'TT population ’
- Low dose Malarone High dose Malarone
| Non-evaluable® 0 0 =
Evaluable failures 39 14 11
Evaluable successes 26 7 7y
Prophylactic efficacy in the PP population was determined as follows:
N=162
Table 10: Results in the PP population -
placebo Low dose Malarone High dose Malarone
Non-evaluable 0 _ 0 0
| Evaluable failures. 28 0 0
Evaluable successes 26 54 53

Calculated efficacy rates are shown in table 11.

14 7 -
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Table 11: Pmphylacuceﬂ'xcacymmandPPpopulmonsasdetummdbyspmor

T - M Analyts PPAmiyis |
e = | 1 AT&?GN 2 ATQIPGN 1 AT,?,.'G" 2 ATQIPGN
Placebo
ns6S P:-D;y P:'-p:ly P:.:.;. r:'-os:y P:' sD;"

Failure of

Chemoprophylaxis

Parasitemnia - 28 0 0 3 _ 0 0
Withdrawn ()} 0 0 (1] (] ]
(treatment-relpted)® s -

Withdrawn (other 1n 14 1 - - -
reasons)

Total » 0 1 3 0 0
‘Saccess Rate 0% 7% 8% 8% 100%¢ 100%¢ -
Difference in - % o% - 2% 52%
Success Rate

(ATQ/PGN-Placebo)
(2"3‘) - (23-55%) (26~587%) - (38-67%) (35-67%)
Efficacy Rate* - 66% 72% - 100% 100%
(95% C14) - (39-85%) (46-89%%) - (77-100%) | (77-100%)

*+ 250 mg atovaquone/ 100 mg proguanil hydrochloride per tablet

® Withdrawn due 10 a Treatment-Related Adverse Event
< P = <0.001, Fisher’ sExactTest.vumﬂacebo

- 9 Confidence Interval
¢ Efficacy Rate = 100 x ﬂ—[faﬂm’e rate in atovaquone/proguanil hydrochloride youp/faxlure rate in placebo

group))

Note: sevmsubpcts,:!mthephcebogmp 2in the low-dose

group and 2 in the high-dose group were

randomized to treatment but lost to follow-up before they-had a baseline smear performed and thus are
nwludedmthesa&typopuhhonbntadndedfmmthetﬂpopdm

High rates of withdrawal for reasons other than malaria were seen, compliciting interpretation of the
calculated efficacy rates. For this reason and the fact that point estimates of success rates did not capture
the longitudinal characteristics of the data, a “survival analysis™ was performed on the data in the ITT

popuhuon(dw:xibedm'tmlmthcsaumalmvxew)reﬂecnngtthmpomanofmcmesoverumeas

shown below.
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FIGURE 1: STUDY MALB-2001: TIME TO PROPHYLAXIS FAILURE IN ITT SUBJECTS -

Proporion Survivel

0 2 © o e ”n
Visit Ooy Relative 10 Prophyienis Siert

P

MO comment: The above analysis demonstrates the treatment effect (the divergence of the “placebo”
from the “MALARONE?” curves), first discernable at day 40 of the study.

Analysis of follow up period
During the four weeks of follow-up after completion of chemoprophylaxis, parasitemia was recorded in six

of 29 evaluable subjects in the placebo arm, 2 of 57 evaluable subjects in the low dose ayrm and 3 of 57in =~ =2 -
the high dose arm. Both positive cases in the low dose arm occurred at week 12 (two weeks after

completing prophylaxis). Cases in the high dose arm occurred at weeks 11, 13 and 14.
Case summaries for the five patients with parasitemias recorded following active prophylaxis are shown -
below.

This patient in the high dose arm with a parasitemia 8 days into the follow up period was a 31 year oid
female weighing 61kg. She was seen at least weekly during the last 4 weeks of prophylaxis. There was
no indication of non-compliance. AE’s reported during the last 4 weeks of prophylaxis included i
myalgia, conjunctivitis, pelvic inflammatory disease and headache. There was no record of vomiting or - -
other complaints potentially affecting absorption. Concomitant medications during this period included

indomethicin, paracetamol, amoxacillin, metronidazole, phenobarbital and chiorpheniramine.

This 22 year-old 58kg malie on the high dose arm developed parasitemia 28 days after completing

_prophylaxls His attendance at study visits was regular and intercurrent complaints included tonsillitis,

pruruitis and gastritis. Concomitant medications were amoxacillin, paracetamol, indomethicin -
chlopheniramine and penicillin. —_ —
This 23 year 60 kg male developed parasitemia 25 days after completing prophylaxis. Attendance was - -
regular and intercurrent complaints were hedadache, heartbum, stomach upset, URTI and sore throat.

Concurrent medisations were penicillin, amoxacillin, paracetamol and chlorpheniramine .. -
This 37 year-old 65kg male on the low dose arm was seen weekly for the last four weeks of :
chemoprophylafis. Parasitemia was recorded sixteen days after stopping prophylaxis. A five day

episode of gastroenteritis occurred ending 33 days before the end of the prophylaxis phase.

Concomitant medications included amoxacillin, metronidazole, penicillin, paracetamol and

chlorpheniramine.

This 47 year-old 81kg male on the low-dose am developed parasitemia 27 days after completing

prophylaxis.He had missed the appointment prior to completion of prophylaxis. Recorded AE’s

included pruritis, lumbago and rash, none of them limiting treatment. Concomitant medications

included indomethicin, antacids and chlorphenamine.

MO comment: The case occurring early in the follow up period (8 days after completion of .

prophylaxis) appeared sooner than the anticipated incubation period for a new infection would have

predicted. This suggested that infection was acquired during chemoprophylazis and was not aborted

during the hepatic phase implying a failure of causal prophylactic effect, a resistant infection or a
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problem in compliance during the treatment phase. Review of individual case histories did not reveal
any reasons for drug failure.

Drug sensiti )

In vitro dmgsTg_sm'ﬂy m were performed on & isolates from patients on placebo who developed malana
following “radical cure”. For all these isolates, ICs, ‘s for atovaquone, proguanil and cycloguanil were
within the range, reported historically for isolates in other parts of Kenya and Africa. Six of the isolates

were resistant to chloroquine in vitro (resistance threshold 45 oM reported by the sponsor-see microbiology
review), .

Table 12: ICsq values for eight uohtu from placebo recipients developing malaria following radical cure.
Comparative historical data is provided

n = = 1Co Vahues mM) =
Subject Number Atovaqum Proguanil Cycloguanil Chloroquine

002 082 10406 9.0 619

017 196 13233 149 1193
021 098 4687 107.6 82.6
082 1.69 3299 22 482

100 ‘ 234 11392 90 6.0

12 0.60 . 4318 90.3 19

156 251 " |8629 285 107.8
196 125 5927 764 711
Mean 1.53 7729 51.0 63.6
Median 147 - 16635
Range 0.60-2.51 3239-1333 $0-107.6 6.0-119.3
Historical Mean 1.3 } 10405 .8 309
FCited Median Data® 1.61 ET
Cited Geometric Mean Data® |0.90 . 25.10

Medical officer comment: Since seven of these patients were not given prophylactic regimens and
were only treated for three days, they are not likely to reflect the risk for induction of resistance
through prophylaxis. They are almost certainly new infections with isolates unrelated to the original
infecting strain. Only one isolate (82) was obtained from a patient who completed prophylaxis and
developed malaria during the follow up period. This was also probably a new infection since the
interval between prophylaxis and the appearance of this isolate was 16 days. All these cases were
treated with pyrimethamine/sulphadoxine and the clinical efficacy of malarone in patients with
chloroquine resistant isolates was not specifically investigated. The breakpoint for chloroquine
sensitivity has been selected by the sponsor as 45nM. Literature sources demonstrate a range of ICs,
values characterizing chloroquine sensitive and resistant isolates, and the lowest 1Cy,’s for reported
populations of resistant isolates may be higher than 45nM (see microbiology review).

Based on 2 breakpath of 45 nM for chloroquine, 75% of the above isolates wonld be regarded as
chloroquine resistagt. -

Medical officer comment on efficacy: This study demonstrated 100% per protocol efficacy of two
doses of malarone in a ten-week prophylactic regimen. The 100% per protocol efficacy in the low
dosage arm justified the selection of this dose for further study in subsequent phase 3 studies. Study
subjects were from a community where malaria is endemic. They appeared to have significant

malarial immunity, with high baseline parasitemia rates, rapondlng to infections with minimal
symptoms and no fever.

Causal prophylaxis was not proven as subjects remained in the malaria endemic area after
prophylaxis was stopped. Thus it was not possible to determine the probability for infections
acquired during prophylaxis to declare themselves in the follaw-up period. This would be important
to justify 7 days of extended prophylaxis following departure from a malagia area rather than the

17
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traditional 4 weeks required for suppressive prophyiactics. One subject developed malaria only eight

days after stopping prophyiaxis, suggesting that an infection acquired during prophylaxis was not
aborted. The drng semidv!ty of this isolate was not tuted.

Exposure lﬂﬁuﬁmﬂn dayseachoflOOOmgamvaquoneandwOmgpmgmxl during the-
treatment phase. 70 subjects then received low dose prophylaxis with ith atovaquone 250mg/proguanil 100mg

daily for a mean of 9.2 weeks, and 67 received high dose prophylaxis with atovaquone 500mg/proguanil
200mg daily for a mean of 9.4 weeks.

Adverse events were reported by 180 (88%) study subjects during the prophylaxis phase regardless of the ‘
relation to treatment, 62 (91%) in the placebo group, 59 (84%) in the low-dose and 59 (88%) in the high-
dose treatmentgrms. - -

_Events of unusual frequency: -
The most common adverse events during chemoprophylaxis were abdominal pain, back pain, dyspepsia,.
gastritis myalgia, headache, diarrhea, arthralgia, coughing, sore throat, URTI and pruritis. Those possibly -
attributed to Malarone included dyspepsia, abdominal pain and gastritis. .
Frequent adverse events possibly related to study medication are shown below.

Table 13: Adverse events possibly related to study medication occurring in more than 2% of subjects -

-1 ATQ/PGN TabP 2 ATQ/PGN Tabs® 3

-

Placebo - Per Day Per Day
Adverse Event n=68 n=70 n=67
“Dyspepsia 9 (13) — 4(6) - 8(12)
Gastritis 5(7). 6(9) 5(7)
Abdominal pain 4(6) 5(7) 3@4)
Nausea 3(4) 0 2(3)
Pruritus 0 34) -0
Anorexia ) 2(3) 1(1) 34)
Headache 2(3) 0 ) -0 --
Diarrhea 34) 2(3) —_ 3(4)

# Data reported as number of subjects followed by percentage in parenthesis —
b 250 mg atovaquone/ 100 mg proguanil hydrochloride per tablet

Six of the eight most frequent complaints were gastrointestinal in nature. Most were equally common it
patients treated with placebo and those treated with both low and high doses of malarone. Dyspesia though
common in placebo-mted patients, was seen more frequently in patients on the higher dose of Malarone
than the lower dose. ?ﬁnns was seen in three patients treated with low dose Mahmne but not in patients
treated with placebo,

Events of unu$ual sevmty' :

No deaths occurred-in the study, which included a follow up period of four weeks beyond the
discontinuation of prophylaxis.

Hospitalization was required for five subjects. Three receiving placebo were admitted for skin ulceration,
shigella dysentery and head, chest and back pain. One on low dose Malarone was hospitalized for cellulitis,
and one subject was admitted for frequent vomiting following the “radical treatment” phase.

Laboratory abnormalities: - —
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No significant treatment emergent abnormalities were observed on routine hematology tests. While a trend
to decreasing PCV was apparent in the placebo and 250mg dosage groups, this was not observed in the
500mg dosage group. The most marked change was in the placebo group and probably reflects the anemia
multmgfonn.mhna.

.
-~.>,‘

Table 14: Hentocrn at screening, week § and week 10
Parameter = PCV (Hematocrit) (%)

Statistic Treatment Group
Visit Category . Placebo A250P100 © AS00P200

[
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Clinical chemistry testing did not demonstrate treatment emergent effects. High potassium levels and low
levels of sodium, albumin and urea were frequently present in both treatment and placebo arms and did not
show any trends in relation to treatment. These findings were ascribed to poor storage or transportation.

Events of unusual chancter

Animal studies using proguanil have resulted in a fatal wasting syndrome in dogs, with intestinal
hyperemia and hypoceliular marrow. Wasting was not specifically investigated in the subjects of this trial
though gastrointestinal complaints were common. As a member of the class of DHFR inhibitors,
~-proguanil’ spomﬂfo:cammglﬂkopmn,mandﬂnobocytopennmcxammedNowmceﬁem

* on the white cell count or platelet count-were apparent. - T
Adverse events attributed to the drug included:

Pruritis (3 mb]ects)’dmrhea (5) abdominal pain (8), dyspepsia (12) gastritis (11) anorexia (4) stomatitis (1)
ulcerative stomtm’('t) nausea (5) dizziness (1) glossitis (1) vomiting (1). :

- -
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MALB3001 (Zambia)

w double-blind, placebo-controlled, parallel group study to evaluate the

suppressive prophylastic activity of MALARONE (atovaquone/proguanil) in volunteers at risk of
developing P falciparum malaria in Zambia

Setting: the study was conducted at a single research site in the Mpongwe district, Zambia, during the .-
malaria transmission season from February to July of 1997. Participants in the study were local residents,
presumed to have a significant level of immunity to malaria through repeated prior exposure. These
individuals did not normally use drugs for malaria prophylaxis, so incorporating a placebo arm in the study
was regarded as cthical since it reflected the “standard of care” in the region. High rates of asymptomatic

mfecuonmdmcommtymdatedthcmcorponuonofmmmlmhcalcmnveph-sepnonome
initiation of chczmptophylaxxs

A Y

 Study design: This was a double blind, placebo controlled, randomized, two-arm, parallel group trial. All .

enroiled patients were given a 3 day malaria treatment course using 4 malarone tablets a day to effect a )
“radical cure”. This was followed by a period of ten weeks during which chemosuppression or placebo was
administered. During this phase, patients either received a single tablet of malarone (atovaquone
250mg/proguanil 100mg) or a single matching placebo daily. Upon completion of chemoprophylaxis

subjects were followed for a further 4 weeks off therapy. »

Recruitment of 300 subjects was planned, 150 in each prophylaxis arm. : » ‘ z

Table 15: Schedule of study visits.
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The study was conducted in collaboration with the Tropical Discases Research Center, Ndola Zambia and
data management was performed under contractby _——___

e —._- ‘. ) -
Inclusion criteria at screenipg:

¢  Healthy males or females >=16 years and <= 65 years ofage

e willing and able to glve informed consent and to comply with the protocol.
Exclusion criteria at screening: :

Pregnancy - : -

Lactation :

Women of childbearing potential, in the investigator’s opxmon unwilling or unable to avoid pregnancy
The use of antimalarial drugs or drugs with antimalarial activity within the previous s 2 weeks.

Subjects who would normally receive malaria prophylaxis during the high transmission season

Known hyperseasitivity to atovaquone or proguanil -

Clinically significant abnormal baseline hematology of clinical chemistry parameters (Volnnteers were
withdrawn at the investigator’s discretion once results were obtained.)

Significant renal impairment with a creatinine clearance of <30ml/min

Splenectomy 7

Laboratory evidence of hepatitis defined as a more than three fold increase above the normal upper
limit in alanine transaminase for this population E—

e Individuals who sleep under a bed net.

MO comment: This population was weighted against enrolling women of childbearing age.

Criteria for premature discontinuation: Withdrawals at the discretion of the subject or investigator were
recorded and the reason for withdrawal was listed. Efforts were made to complete a post study assessment
including routine blood testing within two weeks of withdrawal.

Withdrawals for adverse events were recorded on adverse event forms.

Volunteers with parasitemia at the end of radical cure, during the chemosuppression phase or during
follow-up were withdrawn and managed by the study clinician. = -

Trial medications:

Radical cure. All subjects were treated with 4 malarone tablets (equivalent to atovaquone
1000mg/proguanil 400mg) daily for three days given after food.

Chemoprophylaxis: Subjects were randomized to receive 1 tablet of Malarone daily (atovaquone

250mg/proguanil 100mg) or matching placebo for 70 days. Drug administration was supcrvxsed by a field
worker. Randomxzanon to Malarone or placebo was performed in blocks of four.

Field workers recorded the ‘compliance of subjects daily as they presented to the drug dlsm“bunon sites.
Subjects missiig meﬂ!cauon for more than 2 consécutive days were withdrawn.

Concurrent therapy: = -

Subjects receiving drugs with antimalarial activity (other than the study medication were withdrawn. Such
drugs included known antimalarials such as chloroquine, quinine amodiaquine etc, co-trimoxazole,
tetracycline, doxycycline, rifampicin, azithromycin and ciprofloxacin.

Study procedurer—

Investigators performed assessments at screening and weeks —1,0,5,10 and 14

Field workers performed other scheduled visits.

MO comment: It is unclear whether invectigaton were responsible for the assessment at visits when
patlents were withdrawn.

Y



found this second slide to be positive. Disagreements between microscopists were adjudicated by a senior -

-measured on volunteers developing malaria.
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Screening included collection of demographic data, a physical exam, blood tests for pregnancy clinical
chemistry and hematology and documentation of concurrent medications.

st e
Followmg a thalaria smear, eligible mb]ects were treated with malarone 4 tablets daily for 3 days. :
Patients were seen on each of these three days to record concurrent medications and adverse events. - -

Chemosuppression .

Subjects were randomized to receive daily malarone or placebo for the next 10 weeks. During these ten
weeks subjects were seen daily for drug administration. Each week, blood was drawn for malaria thick
smears and on weeks 5 and 10 additional blood was drawn for routine clinical chemistry, hematology
pregnancy tests and plasma levels of atovagquone, yroguaml and cycloguaml In vitro drug sensitivities were

b

Unscheduled visits

The reasons for any unscheduled visits to the study clinic or to other heaithcare professionals were -
recorded.

Endpoints: The primary efficacy endpoint was the development of parasitemia while on chemoprophylaxis.
All such parasitemias were confirmed by two microscopists. If both regarded the slide as positive, a second
slide was drawn from the patients. The patient was confirmed 2 treatment failure if both microscopists -

technologist. Volunteers whose second confirmatory slide was negative continued treatment and were not
regarded as treatment failures.

MO comment: Low levels of parasitemia may not be apparent on all slides. Howev-er cases with two

discordant slides would have declared themselves at a subsequent visit since no new intervention was

prescribed. Quantitative reports of parasitemia were not provided.

ICso was measured on all viable isolates from patients who developed parasitemia (>=2000 parasites/ul)

during chemoprophylaxis.

Adverse events: These were defined as any untoward - medical occurrences expenencedby a volunteer. . -=
They included a new disease, exacerbation of an existing disease or a recurrence of disease.

Serious adverse events included those that were fatal, life threatening, disabling or incapacitating, that o

required hospitalization or prolonged current hospitalization, or that resuited from overdosage. They -
included cancer, congenital anomalies, and any other event that jeopardized the patient. -

Routine laboratory testing included hemoglobin, lymphoc;e count, hem;tocﬁt, platelets, total white ceil A -
count, serum ALT -albumin, alkaline phasphatasc creatinine ghicose, potassium, sodmm, total bilirubin,
urea and where indjcated GGT. -

Sa.mplu for pharmasokinetic testing were obtained prior to the daily dose of medicatiop. The time of the
previous drug dose.and the time of the blopd draw were recorded.

Sample size:

To detect a 17% difference in efficacy rates with a power of 80% and a significance level of 5%, 134
subjects were needed in each arm, assuming an attack rate in placebo treated patients of 30% and of 1.5%
in Malarone treated patients. To allow for dropouts, 150 volunteers were recruited to each treatment group.

Populations for analysis:
The sponsor identified the intention-to-treat (ITT) population as the primary population and the per-
protocol population (PP) as the secondary population for analysis.
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Populations and evaluablility criteria for the ITT and PP analyses are identical to those used in study
MALB2001 and are described on pages 8 and 9. -

Negative baseline sgnears referred to those pauents with 2 negative smear at week 0, or week 1 if the smear
at weekOwu!pgnhe.

MO Comment: Excluding patients with positive baseline smears from randomization to prophylaxis
would enrich the study cohort for patients likely to respond well to Malarone prophylaxis. (Failures
of Malarone treatment are also likely to be failures of Malarone prophylaxis either for reasons of
drug resistance, intolerance or aitered biometabolism.)

Percent efficacy was calculated as follows.
Percent efficadly = (1-failure rate miaes /failure rateyee, )* 100 =

. Safety analysis:
The population providing safety data mchxdeddlpauents who had received at least one dose of study °
medication. Adverse events were coded using “Costart” terms and reported in terms of seriousness, - - )
intensity, action taken and attributability to the study medication. S

A

Protocol amendments: :

14 January 1997: This amendment allowed for additional collecuon times for concurrent medication data

and adverse events. z
20 August 1997: This amendment snpulated the met.hod for allocation of randomization numbers to

volunteers. In this amendment, the primary population was identified as the ITT popuiation.

= Results: : - -4 =
Two hundred and ninety-nine panents were screened and enrolled in the 3-day “radical cure” phase of the ’
study. Two hundred and seventy four (92%) completed this phase. One hundred and thirty-six were
randomized to treatiment with Malarone and 138 to treatment with placebo. Two were lost to follow up
before a baseline smear was obtained leaving 272 patients in the ITT population. Of these, 213 remained in
the PP population as shown below. i

Table 16: Disposition of patients in MALB3001 . -

Screening 299 _ -
- Failed to complete radical cure 25
Completed radical cure 274
Malarone 136 T Placebo 138
[ Excluded from ITT 2_ [ Excluded from ITT 0 | o
- T 272
Malarone 134 Placebo 138 _
Excluded from PP 32 ﬁ — Excluded from PP 27 | __
‘ PP 213 B -

Malarone 102 I Placebo 111 -

Twenty five patients failed to complete the curative phase for the following reasons, protocol violation (9)
lost to follow-up (8) consent withdrawn (6) other (2). None were withdrawn due to adverse events.

Two patients completed “nd:cal cure” but did not have a baseline malaria smear, and were excluded from
the ITT population.

24
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Table 17: Subjects excluded from the PP population

A ﬁemoprophylaxis Treatment GToup
Reamforﬁbeontmuation " Placebo MALARONE
Lost to follow-up 14 16
Protocol violation ' 8 12
Consent withdrawn 5 4
- | Total . 27 32

MO comment: Of the ITT population, 22% (59) Were excluded from the-per protocol population. Protocol
violations accounted for 20 of these.

Protocolmhmmmewedfotevtdencemggesuve of malaria at the time of withdrawal. Only one
patient from the placebo group (1345) withdrawn at week13 had a temperature (38.5C).

Protocol violations and losses to follow up were slightly more frequent in the Malarone group than the
placebo group. Most of the protocol violations were missing medication doses for 2 or more consecutive
days.

Baseline demographic data were similar for malarone and placebo groups as seen in table 18.

Table 18: Demographic and physical characteristics of participants

M
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_ " Placebo

MATARONE
Characteristic n=138 n=136
Male/Female . - 125713 119/17
Age (yrs) =" -~

Males
Mean (SD) 30(9.2) 29 (10.1)
Range 16-60 17-64

Females - . '
Mean (SD) 41 (11.8) 47 (12.5)
Range 23259 2464

Weight (kg)

Males .

Mean (SD) ' 59 (7.0) 59 (6.4)
Range 45-78 40-79

Females .

Mean (SD) — 53 (7.3) 53 (10.7)
Range ' 42-65 37-71—
Height (cm) _

Males .
Mean (SD) 169 (7.8) 170 (6.8)
Range 136-190 154-187

Females - .
Mean (SD) : 163 (14.7) 156 (5.2)
Range 135-190 144-163

Very few females were enrolled in this study.

Review of concurrent medications:

Fifty-nine percent of the placebo treated patients and 42% of the Malarone treated subjects took other
medications. Analgesics were taken by 42% and 31% of placebo and Malarone treated patients, beta
lactam antibiotics by 19% and14 % respectively and “stomatological preparations™ were taken by 17% and
15%. Antimalarials were only used by patients who had failed prophylaxis. Antibiotics used included
penicillin, erythronfycin amoxacillin, ampicillin, cloxacillin and metronidazole. Tetracycline was used
topically as aif"eye @lment by 4 patients 1 in the placebo group and 3 in the Malarorie group.

- -

Efficacy resulty: ‘ -
Parasitemia developed in 41 subjects treated with placebo and 2 subjects treated with Malarone

An additional 27 subjects were withdrawn from the placebo arm and 32 were withdrawn from the Malarone

arm before week 10. Twenty of these subjects were withdrawn because they missed more than 2
consecutive days of study medication, 8 from the placebo group and 12 from the Malarone group. There

were no withdrawals due to a treatment-related adverse event.

26
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Table 19: Efficacy analyses for ITT and PP populations

TTT Analysis PP Analysis
.l N Placebo | MALARONE | Placebo | MALARONE
- : n=138 T n=134 n=111 n=102

Failure of
Chemoprophylaxis -
Parasitemia 41 2 41 2
Withdrawn 0 0 0 0
(treatment-related)® ' .
Withdrawn (other 27 32 - -
reasons)
Total 68 34 41 2
Success Rate 51% 75%¢ 63% 98%°
Difference in Success 24% 35%
Rate (MALARONE -
Placebo)
(95% C19) (12-36%) (24-46%)
-Efficacy Rate® - 49% - 95%
(95% CI9) - (25-68%) - (79-100%)

8 Two subjects received a single dose of study drug but withdrew before a baseline smear was
obtained and thus were not eligible for the ITT population.

" b Withdrawn due to a Treatment-Related Adverse Event ~
¢ P < 0.001, Fisher’s Exact Test, versus Placebo

d Confidence Interval.

¢ Percent efficacy = 100 x (1-[failure rate in MALARONE group/ failure rate in placebo group]).

MO comment: The FDA concurred with the above efficacy rates. While only a small proportion of
withdrawals for non-compliance would have developed malaris, (less in the malarone arm than the

placebo arm) the ITT analysis assumed that all non-compliant patients were treatment failures. Thus
the ITT analysis underestimated the efficacy of the drug. The PP analysis was more representative of
the true efficacy when interpreted in the setting of 2 compliant treatment group.

Success rates of placebo treated subjects in this study were noted to be higher than corresponding
success rates in the Kenyan study MALB2001. Based on the higher prevalence of malaria at
screening in Kenym (34%) than Zambians (7%) the difference was probably due to lower attack
rates in the Zambf than the Kenyan studies.

As described in the?tausucal mnew, a “survival analysis™ was performed on the ITT population to reflect
the evolution-of thé data with time. The propomon of patients remaining in the study and malaria free are
shown in the figure below. -

27
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FIGURE 2: STUDY MALB-3001: TIME TO PROPHYLAXIS FAILURE IN ITT SUBJECTS

’-
o

4 .

0 2 «© [ 0
Visk Doy Relstve 15 Prophyiasis Sust ——

MO comment: Both arms of the study showed large numbers of withdrawals. A treatment effect was
first discernable after day 40. Lower malaria attack rates were seen in this study than the Kenyan

- study (MALB2001).

A similar result is reflected by the malaria free survival as shown below. Since only confirmed cases of

malaria are accounted for, the possibility of malaria occurring in the patients lost to follow-up or thhdrawn

is not addressed in this anlysis. . ‘

Figure 3: Kaplan-Meier curve for malaria free time by treatment group =
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This 26 year old male, weight 55 kg with a negative malaria smear during screening compieted radical cure
on March 10, 97. On April 22, after 42 days of chemoprophylaxis, the patient was found to have a
puasimniaathisscheduledvisits.ﬁewn:pmmewasrecmdedas%.BC.Thepaﬁemhadnﬁssedone
vmt(vrsxt(i)durm;chemopmphyh is. Noconmentmdncationswmhmdpnortopumtenna

Underlying c: upoh enrollment were recorded as sneezing, running nose, headache, groin abcess
and genml

This 22 year old male, weight 54 kg, with a negative screening smear, compieted radical cure on March 19,
97. On May 1 at the 8* scheduled visit, he developed a fever of 38.5C and parasitemia 43 days after

starting chemoprophylaxis. The patient had attended all visits until the time ofparaslteum. Concurrent
conditions included “headache” treated w:th Panadol.

ln vitro sensxm testing was not performed on lsohtes from either of these patients. .

MO comment: There were no apparent reasons for treatment failure in the histories of either of
these patients. Compliance with the protocol was good, neither of the subjects were overweight or
had 2 history of vomiting or other complaints to explain the Iack of therapeutic effect. Compared
with protocol MALB2001 where half the subjects were treated with 2 malarone tablets a day and no
failures of prophylaxis occurred, the lower dose of malarone in this study is a possible contributory
factor to these failures. The possibility of drug resistance in these patients remains a consideration.
Finally parasitemias at screening were much less frequent in this population than the Kenyan study,
and there may have been less malarial immunity in this population, with a greater likelihood for the
failure of prophylaxis.

Drug levels of atovaquone, proguanil and cycloguanil were evaluated in the two subjects who failed

malarone prophylaxis and were compared with the mean trough levels caiculated from the pharmacokmct:c )

data in this study. These mean trough values are tabulated below.

Table 20: Summary of trough levels of atovaquone, proguanil and cycloguanil in study MALB3001

Analyte Mean SDb Median Min - Max
Atovaquone 2.07 117 199 ——
(ug/mL) |
Proguanil 268 140 242
(ng/mL)

Cycloguanil 109 5.59 10.0 - —
(ng/mb)=~ |
Proguanil/ 2.90 2.05 ~ 25 —_——
Cycloguaml :

2 Median trough samphng time 23 hours .

b Standard Deviatitn ~ -

In the first Malarone failure, a plasma level was not obtained at the time malaria was diagnosed but a
steady-state plasma level one week before showed proguanil and cycloguanil levels below the limit of
detection. —— despite a C,, for atovaquone of ' ———  which exceeded the mean C,, for the
population.

MO comment: The disparity in levels of the two drugs may reflect the comparatively short half life of
proguanil compared to atovaquone. Poor eomplhnce would be reflected first in the levels of
proguanil.

29
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The second treatment failure had steady-state levels of atovaquone, proguanil and cycloguanil at week S
S - —__, and at withdrawal - — which were
below the expected mean Css levels for both drugs.

MO comm‘éht:d!oﬁbmplhm or a suboptimal dose should be considered as reasons for treatment
failure in these two patients. i

Again, to exclude the possibility that cases occusting in the chzmoproj)hyhxis phase were recrudescences -

following radical cure, I calculated the odds for parasitemia developing during chemoprophylaxis among

patients with a parasitemia at the screening visit versus those without parasitemia at the screening visit in

patients on tR®placebo arm. The purpose of this analysis was to determine whether Matarone selectively
suppressed recrudescences or whether it prevented new infections.

Table 21: Treatment failures among placebo recipients with or without parasitemia at screening

B | Treatment failure No treatment failure
Parasiternia at screening 5 9
No parasitemia at screening 36 61

MO comment: Five of 14 patients (36%) who were parasitemic at screening developed malaria
during the study as compared with 36 of 97 patienits (37%) who were not parasitemic at baseline, .

(OR 0.94 (CI 0.23-3.43) suggesting that infections in the placebo group were equally likely to be new
infections or recrudescences.

Parasitemia during follow-up.
During the 4 weeks of follow-up, parasitemia was found in 6 of 70 subjects in the placebo group and 1 of
100 subjects in the Malarone group. The six placebo treated patients developed parasitemias between 14

and 28 days after completing the chemoprophylactic phase. The Malarone treated patient developed .
parasitemia 27 days after completion of prophylaxis.

Safety - —

Exposure: Two hundred and ninety-nine subjects.received Malarone (atovaguene 1000mg/proguanil
400mg) daily for three days. One hundred and thirty-six of these subjects randomized to the Malarone

prophylaxis arm received one tablet of Malarone (atovaquone 250mg/proguanil 100mg) daily for up to 70
days with a mean exposure time of 8 weeks.

Adverse events regardless of causality, were reported during chemoprophylaxis by 124 subjects (45%), 71
(51%) in the placebo group and 53 (39%) in the Malarone group. -

MO commént_: 1t wuur why adverse events were less frequently reported for Malarone treated
subjects in this study than for subjects on the same dose in the Kenyan study (MALB2001). Drug -

attributed “Gastritis” and “Dyspepsia” were reported in 9% and 6% of Kenyans on the Malarone
250mg dose, but none of the Zambians. , -

Events of unusual ﬁ'equency' ;
The most commonly reported adverse events were headache, fever and abdominal pain.

Table 22: Adverse events possibly related to study medication reported by >=2% of subjects during the
prophylaxis phase of the study
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Placebo MALARONE —
AdverseEvent, . n=138 n=136
Headache 12(9) 6 (4)
‘Abdominal pain -‘ 7 (5) 4(3)
Diarrhea 4(3) 2(1)

Fever - 3(2) )

' Data reported as number of subjects followed by percentage.

OdmmﬁequmtadvemwmsmmeommthcphcebomudmmmeMﬂmmmwd

group. They included malaise, sore throat, asthenia, pruritis, anorexia and glossitis. Dizziness attributed to
the drug occurred in 2 patients on Malarone and one on placebo.

In “previous treatment studies” the sponsor reported abdominal pain as an adverse event in 15%, vomiting
in 2%, diarrhea in 8% and nausea in 11%. During prophylaxis in this study, these rates were 3% 1% 1%
and 0% and during radical cure 1%, 1%, 1%, and 1% respectively. Higher rates in treatment studies suggest
that in these, some adverse events were either caused by malaria or by the hng,her treatment dose. Also,
prophylaxis studies excluded patients who did not tolerate radical cure.

Events of unusual severity

There were no deaths during the study period. :

During the radical cure phase and the chemosuppression phase there were no serious adverse events in any
of the patients. During the four weeks of follow-up off medication, two placebo- treated patients were
hospitalized with pneumonia.

Treatment limiting adverse events attributed to the study drug were not observed during the radical cure
phase. One placebo treated patient developed treatment limiting “leukorrhea™ during chemosuppression.

Clinical laboratory evaluation.

No treatment emergent abnormalities were detected in lymphocyte count, platelets and total white cell
count. Hematocrit showed a tendency to fall during the study in both malarone and placebo arms as shown
below:

31
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Table 23: Hematocnt values during study penod

PCV (Hematocrit) (%)

Visit Statxttic Placebo Malarone
'"..".a‘-—" R e
Screening N 138 136
Mean 42 43
Std.Dev. 4.2 3.8
Median 43 a3
Minimum —
Maximum -
R/L est. 0
- H/L 95% CI T {-1,1)
Week S N 116 107
Tz Mean 42 42
std.Dev. 4.2™ 4.0
Median 43 43
Minimum e
Maximum
H/L est. 0
H/L 95% C1 (-1.1)
Week 10 N 71 100
Mean 39 39
std.Dev. 4.7 3.7
Median 40 40
Minimum o o
Maximum
-H/L est. -0.5
H/L 95% CI (-2,1)
Withdrawal N __ _ 53 14
Mean 40 39
Std.Dev 3.8 3.1
Median 40 39
Minimum
Maximum .- =
R/L est. -1
H/L 95% CI (-3,2)

Abnormally low PCV was noted with increasing frequency during the study as shown below:

Table 24: Proportion of patients with abnormally low PCV during study period

Placebo Malarone
Screening 39/138 (28%) 417136 (30%)
Week 5 39/116 (34%) 30/107 (28%)
[ Week 10 46771 (65%) 68/100 (68%)
Withdrawal 38/53 (12%) 11714 (19%)

b

MO comment: There was a slight decrease in mean hematocrit from week 0 to withdrawal among
patients treated with Malarone and placebo. In the control group, cases of clinical malaria would
have contributed do.the tendency for anemia to develop during the study. Similar changes were
observed in the Kenyan study (MALB2001), although in this study the mean hematocrit of patients
at screening was lower and the change during the course of the study was smaller.

Treatment related changes were-not observed for clinical chemistry tests (ALT, Albumin. Alkaline
phosphatase, Creatinine, GGGT, Glucose, Potassium, Sodium Total Bilirubin and Urea. Abnormally high
serum potassium and low serum glucose were measured in a number of patients both in the malarone and
placebo groups. This was ascribed to poor transport conditions with resulting delays in processing and
deterioration of specimens.

Events of unusual character:

Recognized adverse events from the class of DHFR inibitors were specifically sought. Apart from anemsa,
no evidence for leukopenia, or liver function abnormalities were seen. Mouth ulcers and hair loss
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(recognized with proguanil) were not reported. Preclinical animal data showing wasting and deaths in dogs
were not borne out in this human study where wasting was not documented. Gastrointestinal effects as
ptmouslyncomdmthmmmobmved.

Momm MALB3001 .

This study demonstrated good per-protoeoleﬂkacylnproteeﬁngindtvidnhlivingil a highly

malaria endemic area from developing malaria on blood smear during 10 weeks of prophylaxis (98%

success rate for Malarone vs 63% success rate for piacebo). A 7% prevalence of malaria at screening,

and minimal fever or symptoms at the time malaria developed suggest that this community had

substantial antimalarial immunity unlike malaria nalve travelers to the area. No specific evidence of

_ . efficacy for known chioroquine resistant infection was provided. Efficacy against non-falciparum

. malaria was not determined. The efficacy of Malarone as a “causal” prophylactic rather than a
suppressive pfophylactic was not adequately addressed by this study. Too few casés in the follow-up
period occurred (only 1 parasitemis in the Malarone group) to allow meaningful differentiation
between infections contracted during chemoprophylaxis versus those contracted following
completion of prophylaxis. The reasons for failure of prophylaxis in two subjects receiving Malarone
were unclear although suboptimal blood levels appeared to piay a role. The drug was well tolerated
with minor gastrointestinal adverse events, and a suggestion of treatment related anemia.
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